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AUTHOR'S  PREFACE  TO  THE  ELEVENTH  EDITION. 


I\  iIm*  pivpanition  of  this  newoditioii  J  liave eiuleavoivd  to  utilize*  as 
fully  as  ])ossible  the  researches  of  the  last  stneral  yeai-s,  and,  in  so  far  as 
tliesehaveji:iven  us  new  facts  and  ivi)resent  iu*tual  advances  in  our  knowl- 
«*d^e  of  pathological  processes,  to  iiu*or])orate  tlu»ni  into  the  contents  ol 
the  lx)ok.  It  Inus  become  almost  im])ossil)le  to  review  the  j::reat  mass  ot 
literature  concerninj^  the  patho|xenic  micro-orgjanisms,  their  life  history, 
and  their  etfects  ui)on  the  human  organism  ;  but  [  hoiK»  that  theess<*ntial 
and  i^stablisluHl  results  of  recent  investigations  have  not  €»sca]»ed  nus  and 
that  I  have  estimated  them  at  their  proi)er  worth.  J  may  mention  with 
esjiecial  emphasis  the  i-esearches  of  Schaudinn  on  the  spiroclnetie  and  the 
parasites  of  malaria;  also  those  of  other  authors  on  the  trypanosomata, 
various  ]»athogenic  bacteria,  the  agglutinins,  i)i'ecipitins,  cytolysius,  and 
hiemolysins,  as  well  as  the  numerous  in  ve>itigat  ions  and  theoretic  obs<Mva- 
tions  that,  bas4Ml  ui»oii  Ehrfich's  side-chain  theory,  have  lM»en  carried  out 
ron<*erning  the  toxic  action  of  bacterial  products  and  the  formation  ot 
antitoxic  and  antibacterial  substances. 

During  recent  yeai*s  an  immense  amount  of  literature  concerning 
tul>«^rcuh>sislKUS  appeared;  but  ouri)revious  views  concerning  its  etioU)g\ 
and  genesis  have  not  l>een  materially  altered.  Koch's  view  jis  to  the 
dirt'erence  biitwiHMi  human  and  bovine  tuln^rculosis  is  a]>plicable  only  in 
s€)  far  its  certain  difiteivnces  in  the  characteristics  of  thetwostmins  ol 
hjK*illi  aiv  concerned.  For  all  these  ditt'erences  it  is  true  that  bovine* 
tulx^roulosis  is  communicable  to  man,  and  the  domestic  animals  may  be- 
come infected  from  tul)erculous  human  beings.  Von  I5ehring\s  i)ublica- 
tioii  that  infants  may  l>e  easily  infected  through  milk  containing  tulKMt*le 
Uu'illi  has  only  contirmed  well-known  views.  The  attempt  of  von  JJehring 
to  n*t'er  all  easc\s  of  tuberculosis  to  an  intestinal  infection  occurring  in 
infancy  is  doubtless  an  error,  and  is  not  likely  to  destroy  the  belief 
that  tulxMCuhisis  is  most  fre(piently  an  air  borne  infection  and  entei*s 
prinmrily  through  the  lungs. 

The  researches  eonceining  the  etiology,  genesis,  and  morphology  of 
nt'oplasms  have  likewise  Ihhmi  numerous  and  extensive;  nevertheless,  any 
••x|>ectations  of  a  great  advance  in  our  knowledge  of  the  etiology  of  neo- 
plsisnis  ai-e  doomed  todisjippointment.  The  attempts  to  establish  a  para- 
sitic etiology  for  tumoi-s  have  entirely  failed,  and  the  (extensive  statistics 
that   have  Ihhmi  amasstMl  concerning  the  distribution  of  carcinoma  have 
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led  to  results  that  cau  be  regarded  only  as  antagonistic  to  tbe  paraslric 
theory.  Of  gi'eater  value  have  been  the  researches  on  the  histogenesis  of 
tumors ;  yet  I  find  in  these  essentially  only  a  confirmation  and  a  more  thor- 
ough grounding  of  our  older  views.  I  canuot  bring  mjself  to  theaccept- 
auce  of  all  the  latest  views, for  example,  the  assumption  that  the  prelimi- 
nary condition  of  tumor  development  is  to  be  fouud  in  the  isolation, 
disconnection,  and  misplacement  of  germinal  anlage  or  of  single  cells 
during  embryonal  or  extrauterine  life  (Ribbert,  Borrmann),  or  that  the 
epithelial  cells  of  a  carcinoma  can  become  transformed  into  counective- 
tissue  cells  (Krompecher). 

Significant  advances  in  the  theory  of  fatty  degeneratiou  and  glycogen 
deposit  are  also  to  be  noted ;  and  although  many  problems  must  still  wait 
a  solution,  our  knowledge  concerning  these  processes  has  l)een  greatly 
furthered  through  the  labors  of  recent  years. 

The  long  discussion  over  the  significance  of  the  cells  appearing  in  the 
tissues  during  the  course  of  infiammation  has  at  last  reached  certain 
conclusions.     The  questions  still  unsettled  are  of  minor  importance. 

The  arrangement  of  the  book  is  left,  on  the  whole,  as  in  the  last  edition ; 
but  I  have  not  simply  inserted  the  new  facts  and  views,  many  sections 
having  been  entirely  recast  to  agree  with  the  additions.  The  number 
of  illustrations  has  been  increased  from  586  to  604.  The  bibliographj' 
has  been  given  a  careful  revision  and  brought  up  to  the  autumn  of  this 
year. 

E.    ZlEGLKK. 
Fkeibuuo  im  BiiEiSGAiJ,  DeccmbtT,  1904. 


EDITOR'S  PREFACE. 


In  the  translation  of  the  last  (eleventh )  edition  of  Ziegler's  "General 
Pathology  "  the  editor  has  endeavored  to  carry  out  the  same  plan  followeil 
ill  the  preparation  of  the  tenth  edition,  viz.,  to  give  a  simple  and  con- 
sistent English  i-endering  of  the  text  and  spirit  of  the  original,  suitable 
to  the  nec'ds  of  the  medical  student.  The  original  matter  has  been  given 
without  change  or  omission.  So  rtipid,  however,  has  been  the  i)rogress 
of  pathological  knowledge  that,  in  the  thi'ee  yejirs  elapsing  since  the 
book  left  Zieglei's  hands,  numerous  important  facts  have  been  estab- 
lished and  new  theories  advanced.  In  order,  therefore,  to  bring  the 
work  up  ti>  the  present  date,  the  i*esult«  of  i-ecent  inve^stigations,  in  so 
far  as  they  have  i)roved  to  he  of  value  or  of  interest,  have  been  inserted 
into  the  book  in  the  form  of  ixdditions  to  the  paragraphs  in  fine  print. 
Huch  interlardinents  include  recent  observations  on  the  effects  of  Roentgen 
irradiation,  heredity,  phagocytosis,  opsonins,  blood-plates,  thrombosis, 
iM»crosis,  cloudy  swelling,  fatty  degeneration,  calcification,  regeneration, 
inHammation,  malignant  neoiihisms,  tul>erculosis,  syphilis,  relapsing 
fi*ver,  spirochietie,  i>rotozoa,  etc.  In  subject-matter  the  work  has  thus 
l)een  brought  up  to  the  date  of  issue.  The  bibliography  has  also  been 
iwised,  and  the  most  important  contributions  of  the  hist  three  years  in- 
cluded. Through  theses  changes  and  additions  the  editor  hopes  and  be- 
lieves that  the  present  edition  will  become  an  adequate  English  repre- 
sentative of  the  original  German  work. 

It  seems  fitting  here  to  pay  an  American  tribute  to  the  memory  of 
the  author,  (ieheimer  Hofrat  Einst  Ziegler,  Professor  in  the  University 
of  Freiburg,  who  died  on  the  30th  of  November,  1905,  in  the  fifty-seventh 
yesir  of  his  age.  His  fame  rests  upon  his  text -book  rather  than  upon  his 
investigations,  although  these  included  a  number  of  important  contribu- 
tii>ns.  Passing  through  eleven  editions,  translated  into  English,  French, 
and  Italian,  the  **  Ziegler  "  became  a  familiar  and  final  authority  wherever 
the  study  of  pathology  was  prosecuted.  Devoting  his  life  to  the  per- 
fecting of  the  work,  constantly  improving  it  in  material  and  illustrations, 
the  author  made  of  it  a  splendid  example  of  a  scientific  text-book  pnic- 
tically  free  from  subjectivity,  one-sidedness,  and  prejudice.  To  this  one 
achievement  alone  the  students  of  medicine  during  the  last  twenty-five 
years  owe  a  large  part  of  their  medical  culture,  and  in  this  respect  its 
influence  upon  the  recent  development  of  medicine  can  hardly  \ye  esti- 
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mated.  Within  late  years  there  has  been  fostered  somewhat  a  teudency 
toward  the  disparagement  of  the  writing  of  text-books  lus  compared  t<» 
the  prosecution  of  research  work,  but  of  the  intrinsic  worth  of  a  text- 
book such  as  the  one  under  consideration  there  can  be  no  question.  Truly, 
as  great  a  service  as  that  of  pure  investigation  is  rendei-ed  by  the  calm 
and  judicious  spirit,  who,  without  prejudice,  wisely  sifts  the  great  mass 
of  collected  invastigations  and  brings  from  them  a  tangible  order  and 
scheme.  And  upon  such  a  service  rest8  the  great  reputation  of  Ziegler's 
text-book. 

Aldred  Scott  Warthin. 
Ann  Aruoii,  Michigan,  Sc^ptembor,  1908. 

Note. — Bi^cause  of  the  difference  in  the  size  of  the  page  it  has  been  found  necessary 
to  reduce  slightly  some  of  the  ilhistrations.  In  such  cases  the  magnification  or  ampli- 
fication has  been  changed  to  meet  the  amount  of  reduction. 
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GENERAL   PATHOLOGY. 


INTRODUCTION. 

The  life  of  an  organism  is  revealed  only  through  its  vital  manifesta- 
tions and  activities.  Physiology,  the  science  of  the  normal  or  healthy 
life,  teaches  us  concerning  these  activities.  At  the  same  time  it  shows 
us  that  the  vital  functions  are  performed  according  to  definite  laws  hav- 
ing their  foundation  in  the  structure  of  the  organism.  Changes  in  this 
organic  structure,  manifesting  themselves  in  vital  phenomena  diffenmj  from 
those  regarded  as  normal,  form  the  material  basis  of  disease  or  abnor- 
mal life.  The  return  to  the  normal  condition  is  regarded  as  the  sign  of 
recovery  or  healing. 

A  permanent  cessation  of  all  vital  functions  leads  to  death.  Tem- 
porary interruptions  of  the  vital  activities  without  the  loss  of  the  possi- 
bility of  a  return  to  the  normal  state  may  be  seen  in  the  condition  of 
apparent  death  or  in  congelation,  which  may  be  followed  either  by  death 
or  by  a  return  to  life  (anabiosis). 

When  there  are  present  pathological  changes  in  the  tissues,  arising 
either  l>efore  the  ajipearance  of  pathological  symptoms  or  persisting  after 
their  cessiition,  so  that  at  any  time  a  new  outbreak  of  the  latter  may  take 
place,  the  disease  is  S[)oken  of  as  latent. 

The  entire  scknee  of  disease  is  embraced  by  Pathology.  As  its  fiist 
task  theie  falls  to  it  the  determination  of  the  eauses  and  origin  of  pathologi- 
cal proeesses,  these  two  divisions  constituting  etiology  and  pathogenesis. 
A  second  task  lies  in  the  investigation  of  the  anatomical  changes  under- 
lying the  pathological  alterations  of  function;  and  the  branch  of  the 
science  to  which  this  field  is  assigned  is  known  as  pathological  anatomy 
or  anatomical  pathology.  Since  the  stru(5ture  and  finer  organization  of 
the  different  tissues  vary  according  to  their  functions,  and  as  we  ciinnot 
conceive  of  vital  manifestations  without  a  material  substratum  for  them, 
it  is  reasonable  to  assume  that  pathological  manifestations  of  life  must 
likewise  be  the  expression  of  material  changes  in  the  tissues  concerned. 
Moreover,  experience  has  taught  us  that  in  the  case  of  any  pathological 
alteration  of  function  of  any  tissue  or  organ,  there  may  be  demonstmted 
in  the  latter  changes  of  strnctui-e,  in  part  even  macroscopically,  while  at 
other  times  they  can  l)e  made  out  only  with  the  aid  of  the  microscope 
and  by  means  of  esi>ecial  histological  methods  of  investigation. 

A  third  field  of  labor  belonging  to  pathology  is  concerned  with  the 
observation  and  intetpretation  of  the  symptoms  of  disease  as  seen  in  the  patient y 
and  this  branch  of  general  pathology  is  designated  clinical  pathology, 
pathological  physiology,  physiological  or  biological  pathology.  Its  facts 
are  ascertained  in  part  by  simple  observation  a^d  examination  of  the  pa- 
tient, and  in  part  through  the  utilization  of  especial  physicjil  and  chemical 
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CHAPTER  I. 

The  Extrinsic  Causes  and  the  Congenital  Anlage  of 

Disease. 

I.  The  Extrinsic  Causes  of  Disease. 

1.  Origin  of  I>isea8e  through  Deficient  Supply  of  Food  and  Oxygen,  through 
Fatigue,  Heat  and  Cold^  Changes  of  Atmospheric  Pressure,  and  Electrical 
Influences. 

§  1.  From  his  birth  to  his  death  man  is  constantly  exposed  to  the  in- 
fluences of  the  world  surrounding  him,  many  of  these  external  influences 
being  favorable  to  the  normal  exercise  of  his  functions,  while  others  are 
unfavorable. 

As  long  as  the  human  organism  is  able  to  offset  these  influences, 
through  independent  changes  of  its  relations  to  the  external  world  or 
through  adaptation  of  its  functions  to  external  conditions,  it  will  remain 
in  health.  If  his  regulating  mechanism  no  longer  suffices  for  successful 
opposition  to  unfavorable  external  influences,  and  if  he  cannot  escape 
these  or  change  his  conditions  of  life,  man  becomes  ill  or  dies. 

For  its  preservation  the  body  needs  first  of  all  a  certain  amouut  of 
food,  water,  and  oxygen ;  and  though  it  may  exist  for  a  short  time  with- 
out these,  an  insufificient  supply  of  oxys:en,  food  or  water  beyond  a 
certain  limit  and  after  a  certain  time  must  of  necessity  lead  to  disease 
or  death. 

A  total  deprivation  or  diminution  of  tlie  supply  of  oxys:en  to  the 
tissues  may  take  place  at  any  period  of  life,  either  because  of  a  lack  of 
oxygen  in  the  surrounding  medium,  or  some  obstruction  to  the  entmnce 
of  the  oxygen  of  the  air  into  the  lungs  or  blood,  or  inability  on  the  part 
of  the  blood  to  take  up  a  sufficient  amount  of  oxygen.  The  foetus  in 
utero  may  be  insufficiently  supplied  with  oxygen  as  a  result  of  diminished 
supply  to  the  mother,  i>i'emature  separation  of  the  placenta,  disease  of 
the  placenta,  or  compression  of  the  cord,  whereby  the  interchange  of 
gases  between  the  maternal  and  foetal  blood  is  hindered.  After  birth  an 
insufficient  supply  of  oxygen  may  be  due  to  hindrances  to  respiration, 
or  the  child  may  be  so  weak  that  its  respiratory  movements  are  insuffi- 
cient to  expand  the  lungs. 

When  the  supply  of  oxygen  is  completely  shut  off,  as  may  happen 
from  the  entrance  of  water  or  other  fluid  into  the  respiratory  tract  or 
from  closure  of  the  air-passages,  the  affected  individual  dies  in  a  very 
short  time  from  choking  or  suffocation.  Animals  confined  in  closed 
chambers  die  as  soon  as  the  oxygen  of  the  air  reaches  two  or  three  per 
cent  by  volume,  the  normal  Volume  percentage  being  20.8  (CI.  Bernard, 
P.  Bert). 

If  the  supply  of  oxygen  is  not  wholly  shut  off,  but  onlj^  gieatly 
diminished,  as  in  the  Case  of  carbon -monoxide  poisoning,  in  which  the 
firm  combination  of  carbon  monoxide  with  the  haemoglobin  prevents  the 
taking  up  of  oxygen  by  the  red  blood-cells,  death  by  suffocation  may 
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take  place  only  after  several  days.  In  gradually  increasing  hindrances 
to  the  entrance  of  oxygen  and  resulting  accumulation  of  carbonic  acid 
in  the  blood,  as  in  cases  of  narrowing  of  the  lumen  of  the  larynx  through 
inflammatory  exudates,  compression  of  the  trachea  from  goitre,  weaken- 
ing or  obstruction  of  respiration,  etc.,  a  condition  of  breathlessness, 
cyanosis,  convulsions,  and  disturbances  of  consciousness  is  produced, 
which  is  termed  asphyxia. 

If  the  taking  up  of  oxygen  is  diminished  in  only  a  slight  degree  but 
for  a  long  time,  as  in  the  case  of  a  lessened  number  of  red  blood-cells 
in  oligocythaemia,  degenerative  processes  characterized  by  increased  de- 
struction of  albumin  and  by  fatty  changes  may  occur  in  the  tissues  and 
organs,  and  these  may  lead  not  only  to  disease  but  under  certain  condi- 
tions to  death. 

Total  deprivation  of  food  and  water  leads  to  a  rapid  loss  of  body- 
weight,  inasmuch  as  the  fat  and  albumin  continue  to  be  decomposed ; 
death  finally  ensues.  According  to  Lehmann,  Miiller,  Munk,  Senator, 
and  Zuntz,  the  total  amount  of  oxidation  in  cases  of  starvation  does  not 
fall  below  that  of  the  same  individual  in  the  fasting  state  under  the 
same  conditions.  A  marked  decompasition  of  albumin  and  loss  of  water 
take  place.  In  animals  death  occurs  after  the  loss  of  about  forty  per  cent 
of  the  body-weight,  about  one-half  of  the  loss  being  due  to  the  waste  of 
muscle. 

The  fat  disappears  most  rapidly ;  even  as  much  as  ninety-three  per 
cent  may  be  lost.  The  other  organs  show  diminution  of  substance  in  the 
following  order:  liver,  spleen,  testicles,  muscles,  blood,  intestines,  skin, 
kidneys,  and  lungs.  The  heart,  nervous  system,  and  bones  show  the 
least  loss  of  weight ;  but  destruction  of  bone-tissue  does  take  place  during 
starvation,  as  is  shown  by  the  increase  of  calcium  and  phosphoric  acid 
in  the  urine,  following  ingestion  of  water.  In  the  blood  there  is  a  rapid 
diminution  of  the  leucocytes  (Luciani) ;  the  red  blood-cells,  on  the  other 
hand,  may  be  relatively  increased  in  number.  The  organs  of  animals 
dying  from  starvation  show  simple  atrophy  of  the  tissue-elements,  par- 
ticularly of  the  liver  (Lukjanow),  hypercemia,  scattered  hemorrhages, 
degenerations,  and  inflammatory  changes,  especially  in  the  intestine, 
liver,  kidneys,  and  nervous  system. 

In  the  case  of  total  deprivation  of  food  and  water,  death  occurs  in 
man  after  from  seven  to  twelve  days;  bodily  exercise  hastens  the  end, 
ingestion  of  water  may  delay  it  markedly,  so  that  some  individuals  have 
been  enabled  through  the  use  of  water  to  endure  a  period  of  total  absti- 
nence from  food  for  thirty  days  or  longer,  without  dying  or  suffering 
I)ermanent  harm.  The  consumption  of  water  leads  to  an  increased  ex- 
cretion of  nitrogen  in  the  urine. 

Life  may  be  maintained  for  a  long  time  upon  insuflicient  nourish- 
ment, but  a  wasting  of  the  body  takes  place  which  may  lead  to  a  condi- 
tion of  extreme  emaciation,  marasmus,  or  cacheocia,  and  finally  to  death. 
The  same  thing  happens  when  the  composition  of  the  food  is  unsuitable 
and  only  a  portion  of  the  necessary  food-elements  is  present  in  sufficient 
amount,  so  that  the  body  is  starved  either  in  albumin,  fat,  salts,  or 
water.  Dogs  deprived  of  all  nitrogenous  food  die  in  from  thirty-one 
to  thirty-four  days  (Magendie).  When  the  food  is  abundant  but  poor  in 
albumin,  there  occur  after  a  time  (in  dogs  after  six  weeks)  loss  of  appe- 
tite and  repugnance  toward  the  proffered  food,  with  impairment  of  diges- 
tion and  assimilation  (Munk).  This  is  especially  the  case  when  the  food 
is  lacking  in  fat,  less  so  when  albumin  or  the  carbohydrates  are  wanting. 
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It  is  very  probable  that  the  lessened  absorption  is  chiefly  due  to  diminished 
secretion  of  the  digestive  juices,  this  being  capable  of  quantitative  de- 
monstration in  the  case  of  the  bile.  The  fseces  are  finally  nearly  desti- 
tute of  bile. 

An  insufficient  supply  of  iron  for  a  long  period  gives  rise  to  anaemia 
and  general  disturbances  of  nutrition. 

If  for  experimental  purposes  an  animal  well  supplied  with  food  is  to- 
tally deprived  of  water,  there  is  a  rapid  loss  of  body-weight  followed 
in  from  eight  to  twelve  days  by  death.  The  pathological  changes  found 
in  the  different  organs  are  similar  to  those  resulting  from  starvation. 
They  are  caused  partly  by  lack  of  water  and  insufficient  absorption  of 
food,  and  partly  by  the  retention  of  harmful  products  of  metabolism. 

Cow's  milk  has  a  very  small  iron-content.  According  to  FOrst,  milk  ash  contains 
0.58  per  cent  of  iron,  white  of  agg  0.57,  beef  0.7,  peas  0.88,  potatoes  1.18.  apples  1.4, 
yolk  of  egg  1.65.  lentils  2.0,  plums  2.54,  rye  flour  2.54,  spinach  8.85,  lettuce  5.31, 
strawbernes  5.89,  tea  9.29,  beef  blood  9.79  per  cent. 
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§  2.  An  unusual  demand  iipou  the  functional  activity  of  an  organ 
for  an  extended  period  of  time  leads  sooner  or  later  to  a  state  of  ex- 
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haustion,  which  is,  in  part,  due  to  the  consimiptiou  of  cell-substauce, 
and  in  part  to  the  formation  of  toxic  products  of  metabolism,  whereby 
the  organ  is  incapacitated  for  further  extended  activity.  Most  often 
the  results  of  overwork  are  manifested  in  the  muscles  and  nervous 
system  in  the  form  of  such  symptoms  as  soreness  and  stiflfnesfii  of  the 
muscles,  mental  excitement,  sleeplessness,  heavy  feeling  in  the  head,  loss 
of  appetite,  great  weakness,  unnatural  sweating,  and  sometimes  fever. 
Overwork  of  the  heart  leading  to  exhaustion  may  cause  death.  This  may 
occur  either  when  the  heart  is  for  a  short  time  taxed  to  the  extreme  limit 
of  its  power  or  when  for  a  longer  period  it  works  slightly  under  its 
maximum  capacity.  If  the  exhausted  tissues  are  pennitted  to  rest  and 
supplied  with  an  abundance  of  nourishment,  the  loss  of  cell-material 
due  to  the  excessive  activity  will  be  replaced,  the  products  of  metabol- 
ism, which  are  hindering  the  functional  activity  of  the  tissue,  will  be 
removed,  and  the  part  restored  to  its  normal  condition. 

If  a  tissue  is  frequently  subjected  to  excessive  functional  demands, 
and  if  the  periods  of  rest  are  too  short  to  admit  of  its  complete  restora- 
tion, there  will  result  ultimately  a  condition  of  permanent  functional  in- 
sufficiency, a  chronic  exhaustion,  which  may  under  certain  circumstances 
manifest  itself  in  a  degeneration  or  atrophy  of  the  affected  organ.  For 
example,  a  muscle  through  overwork  may  become  atrophic,  and  a  brain 
too  constantly  stimulated  to  activity  without  proper  periods  of  rest  may 
finally  reach  such  a  state  of  weakness  and  exhaustion  that  it  is  incapable 
of  performing  even  its  normal  function.  Through  rest  and  properly 
regulated  nourishment  such  a  brain  may  recover;  but  beyond  a  certain 
limit  of  exhaustion  the  functional  insufficiency  may  become  permanent 
and  eventually  manifest  itself  in  anatomical  changes. 

A  very  severe  over-stimulation  of  the  nervous  system,  even  for  a 
very^  short  time,  may  under  certain  conditions  lead  to  a  paralysis  of  its 
functions,  which,  in  case  the  heart  and  respiratory  apparatus  are  af- 
fected, may  cause  death,  but  in  the  majority  of  cases  is  of  a  transitory 
nature. 

Overwork  of  any  organ  is  more  quickly  followed  by  fatigue  and 
functional  insufficiency  in  the  case  of  impaired  nutrition.  Fatigue  and 
insufficiency  of  the  heart  are  most  frequently  observed  when  the  general 
nutrition  is  lowered,  as  in  ctises  of  fever,  or  when  there  is  deficient  oxy- 
genation of  the  blood,  as  in  poorly  compensated  heart  lesions  or  pulmo- 
nary diseases. 

It  is  very  probable  that  overwork  lowers  the  resistance  of  the  l>ody 
to  various  infections. 

When  the  functional  demands  upon  a  muscle  or  gland  are  only  mod- 
erately increased,  and  if  the  nutrition  is  good  and  in  proportion  to  the 
increase  of  labor,  the  affected  tissue  becomes  hypertrophied,  and  is 
thereby  enabled  to  perform  the  increased  work  permanently. 

A  permanent  diminution  or  cessation  ot  activity  causes  in  organs 
that  normally  perform  a  definite  and  constant  function  (muscles  and 
glands)  a  Ions  of  tismie-stibstance  (atrophy). 
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§  3.  High  temperatures  may  act,  either  through  local  destruction  oj 
tissue  {burning)  or  through  overheating  of  the  entire  body.  The  latter 
condition  is  possible  only  when  the  body  is  exposed  to  an  increased  tem- 
perature for  such  a  time  that  it  cannot  protect  itself  from  overheating 
by  increased  heat-dispersion.  In  dry  air  of  from  55-60°  C.  (131-140° 
F.)  the  most  profuse  perspiration  is  no  longer  able  to  protect  the  body 
permanently  from  overheating,  and  in  a  moist  atmosphere  the  same  is 
true  at  even  lower  temperatures. 

If  the  human  body  is  subjected  to  high  temperatures,  it  may  become 
overheated,  and  the  condition  known  as  heat-stroke  may  result.  The 
pulse -rate  is  increased,  the  respiration  very  rapid  and  labored,  the  pupils 
are  dilated,  and  finally  death  may  occur  as  in  the  case  of  the  animals 
made  the  subject  of  experiment.  The  occurrence  of  heat-stroke  is 
favored  by  heavy  bodily  labor,  interference  with  heat -dispersion  through 
'jnpermeable  clothing,  or  by  a  lack  of  water  in  the  body. 

The  direct  action  of  the  rays  of  the  sun  upon  the  head  may  cause 
cerebral  and  meningeal  irritation,  a  condition  characterized  by  hy- 
peraemia  and  inflammatory  exudations,  and  known  as  sun-stroke  or 
insolation. 

The  local  effects  of  heat  upon  the  skin,  burns,  are,  according  to  the 
intensity  of  the  heat  and  the  time  of  its  duration,  either  hyperemia 
(burn  of  first  degree),  formation  of  a  blister  (second  degree),  tissue- 
eschar  (third  degree),  or  carbonization  (fourth  degree).  The  heat  pro- 
duces local  changes  in  the  tissues,  and  kills  them  at  a  certain  height  of 
temT>erature  or  after  a  certain  time  of  exnosure  to  its  action. 

When  a  large  part  of  the  surface  of  the  body,  about  one-third,  is 
burned,  the  affected  individual  usually  dies,  even  though  the  burn  is 
only  of  a  slight  degree  and  eschars  are  not  formed.  The  anatomical  find- 
ings in  fatal  cases  of  superficial  burns  would  indicate,  when  death  has 
not  resulted  very  quickly  from  the  severe  shock  tu  the  nervous  system 
and  the  overheating  of  the  body,  that  the  cause  of  death  is  to  be  sought 
in  the  changes  in  the  blood  and  in  disturbances  of  the  circulation.  The 
blood-changes  consist  in  the  loss  of  a  portion  of  its  water  and  in  destruc- 
tion of  the  red  blood-cells,  or  in  such  injury  to  them  jis  to  diminish  their 
function  and  to  give  rise  at  the  same  time  to  a  deposit  of  the  products  of 
destruction  and  of  hsemoglobin  in  the  liver,  spleen,  and  kidneys.     The 


THE   EFFECTS   OF   HIGH   AND    LOW  TEMPERATURES.  9 

changes  are  further  characterized  by  a  tendency  on  the  part  of  the  blood 
to  stiisis,  hemorrhages,  and  intravascular  coagulation,  through  which 
vessels  of  both  the  pulmonary  and  the  systemic  circulation  may  be  ob- 
structed, so  that  local  tissue -degenerations  and  necroses  may  occur  in  cer- 
tain organs,  Jis,  for  example,  in  the  kidneys,  liver,  mucosa  of  the  stomach 
and  intestine,  bones,  and  soft  parts.  It  is  also  probable  that  poisonoiLs 
products  are  produced  which  have  an  injurious  action,  particularly  upon 
the  nervous  system,  liver,  and  kidneys. 

Low  temperatures  act  in  the  same  manner  as  high  ones,  in  part 
through  local  injury  and  death  of  tissues,  in  part  through  refrigeration 
of  the  entire  body.  Severe  and  lasting  lowering  of  temperature  causes 
tissue  death;  after  mild  chilling  there  occur,  as  the  result  of  tissue-de- 
generation, thrombosis,  hypersemia,  and  exudations  which  are  relatively 
rich  in  leucocytes.  A  very  short  refrigeration  at  the  freezing-point  is 
sufficient  to  produce  degenerative  changes  which  are  quickly  followed  by 
regenerative  proliferation  on  the  part  of  the  cells  remaining  uninjured. 
Epithelial  thickenings  may  be  produced  (Fuerst)  by  repeated  slight  re- 
frigerations (as  well  as  by  repeated  slight  increase  of  temperature). 
The  tips  of  the  extremities,  nose,  and  ears  are  the  most  easily  frozen. 
After  repeated  chillings  of  mild  degree  inflammatory  redness  and  swell- 
ing of  the  skin,  associated  with  severe  itching,  often  occur  (chUblmns, 
pevniones). 

If  the  temperature  of  the  entire  body  be  markedly  lowered,  a  condi- 
tion of  genend  paralysis  results  from  the  diminished  excitability  of  the 
tissues,  the  nervous  system  and  heart  being  especially  affected.  The 
sensorium  becomes  dulled,  the  heart-beat  and  respiration  gradually  grow 
-weaker,  and  finally  cease  entii-ely.  If  the  body  be  again  warmed,  be- 
fore the  excitability  of  the  tissues  is  wholly  lost,  the  power  of  movement 
in  the  limbs  is  gradually  restored,  and  after  a  time  consciousness  re- 
turns. In  man,  instances  of  complete  recovery  have  been  observed,  even 
after  refrigeration  of  the  body  to  from  24-30°  C.  (75-86°  F.). 

Besides  the  more  severe  forms  of  local  or  general  lowering  of  the  tis- 
sue temperature  there  may  occur,  as  harmful  pathogenic  influences,  mild 
general  or  local  chillings,  the  so-called  colds,  as  the  result  of  which  dis- 
ease-phenomena may  manifest  themselves  partly  at  the  seat  of  chilling, 
partly  in  organs  in  distant  parts  of  the  body.  For  example,  after  wide- 
spi*esid  refrigeration  of  the  skin  there  may  occur  diarrhoea,  catarrh  of  the 
respiratory  tract,  or  disease  of  the  kidneys;  after  local  chilling  of  the 
skin,  painful  affections  of  the  deep-seated  muscles.  The  exact  relation 
between  these  phenomena  and  the  refrigeration  is  unknown  (the  oft-re- 
X)eated  hypothesis  that  they  are  due  to  hyperemia  of  the  internal  organs 
<^aused  by  the  chilling  of  the  body-surface  has  not  been  proved),  but 
there  is  no  reason  on  this  account  to  deny  the  existence  of  diseases  caused 
by  cold.  Though  many  diseases  formerly  attributed  to  "catehing  cold  " 
have  been  shown  to  be  of  infectious  origin,  there  yet  remain  a  number 
of  diseased  conditions  for  which  we  know  no  other  etiology  than  that  of 
refrigeration.  Conditions  of  the  body  in  which  the  skin  is  hyperaemic 
and  the  x)erspiratory  function  active  favor  the  taking  of  cold.  Many  in- 
dividuals appear  to  possess  a  predisposition  on  the  part  of  certain  tissues 
to  the  effects  of  refrigeration ;  in  one  person  certain  muscles,  in  another 
the  mucous  membranes  will  be  affected. 

According  to  the  view  of  many  writers,  refrigeration  of  the  body 
increases  the  susceptibility  to  infection,  so  that,  for  example,  the  patho- 
genic bacteria  which  may  be  present  in  those  cavities  of  the  body  acces- 
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?iible  from  wilhoiit  may,  after  such  refrigenitiou,  ht  able  to  i*xert  their 
injurious  influences  upon  the  tissue* 

If  rabbits  are  piaeed  in  well- ventilated  incubators  at  a  lemperature  of  .36-40**  C. 
(96.5-101°  F).  their  body  tenj|jerature  will  rise  to  m-4if  V.  (lOi.Ii-KM^  FJ.tbe  respira- 
tion and  pulse  beiii|?  at  the  wiinve  time  gn^atly  increased  in  frequency,  A  verj'  marked 
elevatiun  *jf  biHiy  temperature  may  leail  in  one  to  three  days  to  deatli  throufirh  paralj'sis 
of  the  nervous  and  muscular  syslems,  the  chief  sj^mptoms  being  a  marked  ijicrea.*ie  of 
hot  h  re^pinitorj^  and  cjiniiac  activity.  If  the  increase*  of  I>ody  temperature  is  not  greater 
tluiii  2-'A°  C.  {'A-5^  v.),  the  animriin  ujay.  if  properly  nourished,  live  from  ten  in  thirty 
days  or  even  longer,  but  they  will  low  in  weight  and  iiltimatelv  dw.  showing  before 
death  a  gradually  increa.sing  dimimUinn  of  hanofjglobiu  and  of  red  blocul-cells.  De- 
generative changes,  particularly  fatty  degeneration,  occur  in  the  liver,  kidneys,  and 
heart  noiHcie-      Doring  the  experimenr  tht*rx'  is  an  increased  priHluction  of  in"ea. 

The  fact  that  man  dies  so  frequently  after  an  extensive  superficial  bum  f>f  the  skin 
has  been  explained  in  various  ways.  Hitiruth,  F*i^,  Mendtl,  and  others  behevevl  the 
eaune  of  ileath  to  lie  in  u  suppression  of  the  persf>iration  and  the  resulting  accumula- 
tion of  toxic  substances  in  the  l>lood;  while  others^as  /i.  Sonmnhurgtiml  Ftt}k\  Mjught 
the  caus<»  in  a  reflex  lowering  of  the  vascular  lone.  In  the  fontlrfiyant  cases,  acconling 
to  Sonnentifirg,  the  overheating  of  the  hlooil  causes  a  paralysis  of  the  heart.  Puttfirk, 
Kirhs,  cmi  Le,\sfr,  ami  others,  on  the  other  hand,  are  of  the  oi>inion  that  the  fatal  issue 
in  due  to  injury  anxl  destruction  of  the  re<l  blood-cells.  SilhtTTnann,  [Vflii.  and  Saf- 
rioli  alsi>  seek  the  cause  of  death  in  an  injurj^  to  the  blood,  emphasiKing,  however,  not 
so  nujch  the  de*4triiction  of  the  red  blood-cells  as  the  occurrence  of  .stasis  and  coagula- 
tion of  !iie  hloiwl  in  the  vcKstds  of  different  organs,  which  art*  interpreted  as  rt^sulimg 
from  the  changes  in  the  blood.  On  the  otiier  hand.  Kij^fnitzin.  Parasnuuio! *,  Sra- 
i?/iV),*«f,  and  />  rn  hold  that  there  is  forraeii  in  the  bodies  of  bunied  individuals  a  poison 
which  has  an  injurious  action  upon  the  nervous  system  and  also  upon  the  liver  and  kid- 
neys. II* (V/7M  seeks  the  cause  of  death  partly  in  a  loss  of  1  he  water  of  thr  body  and 
partly  in  the  absor|>tion  of  poisonous  products  from  the  bnrned  area. 

According  to  Pjhtger  niul  others,  all  the  vital  procviiseft  may  \k*  brought  to  a  stand- 
still through  refrigeration,  wilhoiU  its  being  impo.ssible  for  a  ^ecove^^'  to  take  place 
from  ilw  apf>arent  death.  This  may  haf>pen  even  when  the  animal  is  frozen  to  a  solid 
mass.  Preift't  also  holds  the  opinion  that  the  continuity  of  life  may  be  wholly  inter- 
rupted by  tefrigeratiou.  and  designates  subjects  who  are  thus  "lifeless."  btU  ntill  calla- 
ble of  living,  as  uTtahwtic,  PVogs  are  sjiid  to  remain  capable  of  life  for  manv  hours, 
even  though  th**  temperature  he  NNluced  to  —2.5**  Cat  which  tpmi)eratiir('  the  heart 
is  frozen.  According  to  the  investigations  of  Kork,  such  anabiosis  of  soliiJiy  frozen 
animals  is  possible  when  only  a  t>ortion  of  the  wMtcr  contained  in  the  body  of  I  he  ani- 
mal is  frozen  nm]  wlien  the  thawing  process  takes  place  slowly.  In  the  cjise  of  nq>id 
thawing,  strong  diffusion  currents  are  set  up  betwe*Mi  the  water  coming  from  the  ice- 
erj'stals  and  the  con  cent  rated  albuminous  sohitions  of  tlie  blooii  and  the  tiiisues;  autl 
these  currents  may  exert  a  ilarnaging  effect  ufion  the  latter. 

According  to  the  in\'estigHtic)ns  of  J.  JJeuar  (Proc,  of  the  Roynt  mSoc.,  Ijmdon,  1900), 
the  .seeds  of  wheat,  bairley,  mustanl.  ocas,  anti  puni|>kins  ilo  not  lose  their  ger- 
minative  power  when  put  into  li  piid  hyelrogen;  that  is,  in  a  temperature  of  --250*^. 
Further,  the  protoplasm  un<ler  the.se  conditions  was  not  changed  by  the  eoliL 

Not  only  do  the  heat-rays  of  the  sun-light  or  the  arc-light  affect  the  human  body, 
but  their  chemically  active  violet  and  ultmvlolet  rays  hnve  also  an  im|)ortant 
action  upon  its  tissues.  According  tc>  Toj/iij/, /irr/'in^,  *SV/inWz//T.  GVw/a<fr,  aiid  others 
(fi»r  literature  see  Satk,  Lc),  the  f>rocesses  of  growth  and  regeneration  are  carried 
on  more  rapidly  under  the  influence  of  blue  and  vioiet  raj-s  than  under  ordinarj^  con- 
ditions. According  to  Ft fi^rn,  vtiriola-lesions  in  the  skin  run  a  much  more  favortd>le 
course  when  protected  front  the  violet  rays  by  means  of  red  glass.  According  to  the 
investigations  of  J/^iA/^rA'oir  the  violet  and  ultraviolet  rays  of  the  arc-light  can  prtjduce 
a  peculiar  erythema  of  the  skin,  even  when  the  lieat-rays  nn*  excluded  iWi'hnork), 
Finsen  holds  that  '* sunburn"  is  producetl  chiefly  by  the  violet  anrl  ultraviolet  ravs. 
Bact^^ria  in  plate-cult un-s  art*  killed  within  a  short  time  hy  exposure  to  the  ultraviolet 
ravs  of  the  arc-light.  Aeci>rding  to  the  investigations  of  Gotinew,  Fin^cn^  Mulkr^  and 
otners,  the  violet  and  ultraviolet  rays  penetrate  the  skin,  Imt  are  al^sorlied  iiv  the  blood. 
Basing  his  views  upon  these  facts.  Fi^»S'n  has  attempted  to  treat  skin  diseases,  espe- 
cially lupus,  cancer,  vascular  mevh  acne.  etc..  with  the  ultraviolet  rays  of  the  sun  aufl 
the  arc-light,  and  has  been  very  successful  with  the  latter  methmL  Fresh  cases  of 
lupus  were  healed  l>y  it  in  a  relatively  shrjrt  time.  The  heat -rays  are  excluded  by  Tueans 
of  the  interposition  of  rpjartx  lenses  and  chambers  of  running  water.  A  holhiw  lens  of 
^n!lTtt.  through  which  water  is  flowing  is  pressed  firndy  against  the  affected  area  in 
order  to  exchnle  the  Idood  which  absorbs  the  ultraviolet  rays.     The  irra<liation,  when 
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contmlied  for  about  an  hour,  causes  first  an  inflammation,  leading  aft<»r  twelvp  hours 
or  more  to  the  fcruiation  of  a  IdiMter.    Later,  sctir  tissue  develops  in  the  area  so  treate<l. 

Acwrding  to  mvesf  i^ations  by  iJrttftT,  ami  confimied  by  Xelsntr  and  Hafber- 
ataedtcr,  infusoria,  bacteria  and  animal  tissues  when  impregnated  with  orythmsin 
(stilution  of  J:  l,0(K)-l:  4.tK_Kn  tiocome  st*nsilbed  to  red  and  yellow  rays,  so  that  these 
rays  act  ut>im  them  in  the  sjmie  manner  as  the  violet  and  tilmniolet.  iSince  rhe  red 
am*  yellow  rays  possess  a  greater  power  of  penetration  into  the  tissues,  a  nutrv  marked 
aii<l  deeper  etfect  of  irradiation  can  be  obtained  by  the  previous  treatment  of  the  tissues 
with  solutions  of  er\"throain. 

Roentgen-Rays,  acting  upon  the  skin  for  some  time,  cause  in  the  exposed  por- 
tions, at  pointof  entrance  and  exit.degenemtivo  chanjtes affect injr  chiefly  the  epithelium, 
but  also  the  connective- tissue  cells,  'iliese  are  followe<l  by  inflammatory^  proceNses. 
ChDicalJy  theae  changes  show  themselves  usually  about  fourteen  days  after  the  exposure, 
and  n*ach  their  acnje  after  wane  weeks.  The  hair  and  finger-nails  mav  f)e  lost.  If 
tissue-necrosis  occurs,  the  healing  of  the  resulting  ulcer  is  verj'  slow  ami  diRictili.  The 
Roentgen-nivs  have  also  Iteen  ustnl  with  some  success  in  the  treatment  of  hipus  and 
ciircinoma  of  the  skin.  Mxposures  of  ^Kl  to  tiP  nvinittes  are  giveih  and  repeattHl  two  or 
three  times.  After  one  or  two  weeks  tbe  cjincer  shows  an  inflanunatory  reaction. 
Heabng  of  the  neoplasm  takes  place  through  the  flestruction  of  the  carcinoma  cells, 
which  are  especially  susceptible  to  the  action  of  the  rays:  and  the  resulting  ulcer  heals 
through  the  fomiation  of  scar-tissue  antl  a  regencntion  of  tlie  epidermis.  In  the  case 
of  carcinoma  of  the  mamma  u  certain  amount  of  destruction  of  the  neoplasm  mav  be 
accomplished,  but  not  to  the  extent  of  a  complete  cure.  Recent  cases  have  been 
€>bserved  of  cancer  developing  in  skin  frequently  €::pos<*tl  to  Roentgen-rays. 

Accortlin^  to  investigatitms  by  Hvineke  and  Wurthtn,  the  exfieriniental  irradiation 
of  rat«t  mice,  guinea-pigs,  rabluts.  and  dogs  causes,  even  after  fifteen-minute  exposures, 
a  marked  destruction  of  the  lymphoid  cells  of  the  spleen,  bcme-marrow,  and  lymph- 
nodes.  The  disintegration  of  the  lymphoiti  cells  is  evident  almost  inmiediately  after 
the  exposure,  and  persists  for  some  hours.  After  single  exposures  regeneration  is  rapid, 
but  alter  prolonged  ar  repeated  expoKUres  the  spleen  may  finally  bectime  praeticalJy 
devoid  of  lymphoid  cells.  In  exposures  of  this  rlegree  the  death  of  the  animal  usually 
takes  place  within  ten  davs,  after  it  has  exhibited  marked  symptoms  of  intoxication. 
Small  aaimals  maybe  rendered  blind  by  prolonged  exposures.  In  theuseof  Koentgen- 
rays  as  a  curative  agent  in  leukjembi  it  has  bi*f*n  shown  that  the  sixe  of  the  spleen  may 
be  greatly  diminished,  the  white-cell  count  brought  dovsii  to  normabthe  general  condi- 
tion improvetl.  and  the  life  of  the  patient  extended  by  one  to  two  years.  \\  urihln  has 
shown  that  this  improvement  is  due  wholly  to  the  destructive  action  of  the  rays  upon 
the  white  cells  of  the  bloofl-cell-fomung  organs,  and  that  the  essenthil  disease-process 
is  not  curetb  He  has  also  emphasized  the  dangers  of  an  intoxication  arisinp  from 
the  prtHlucts  of  proteid  disintegration,  and  has  showTi  the  occurrence  of  extensive 
degenenition  an?l  calcification  of  the  kidnejs  in  cases  so  treatet!.  His  invest if^at ions 
show  also  that  slight  changes  occur  in  the  remd  epitheliun^  as  the  result  of  short  ex- 
posures. Cappn  believes  tliat  a  leukotoxin  is  produced  in  the  sera  of  animals  exposed 
to  the  rays.  Schotz.  Sviilin,  Phiitpp.  Hfjihirsffwdtfr,  nm\  others  liave  demonstrate-d 
the  production  of  ajsodsperntia  in  man  and  animals  by  means  of  Roentgen  irnidiation. 
Numerous  cases  of  sterility  in  Rtjent^en-ray  operators  have  been  obaervetb  Bartievn 
foimd  that  the  death  of  spemmtozoa  is  haslencil  by  irrariiiition.  and  that  spermatozoa 
injured  by  .short  exposiire*^  to  Roentgen-rays,  but  still  cfipaldeof  feriili/ation,  may  cause 
the  development  of  monsters  from  ova  fertilized  by  them,  lie  concludes  that  nuclear 
material  may  be  so  influence<I  by  exposures  to  the  rays  that  altera  latent  ik^HihI  il  may 
show  marke<l  abnomialities  in  develtjpment.  FmrKtirltFig  warns  against  the  flangers  of 
irradixition  in  young  chiklren.  Efisail  has  reportetl  an  instance  of  death  following 
Roentgen  irradiation,  and  the  present  ten<iency  is  to  regard  the  rays  as  iigents  capable 
oi  prtxlucing  serious  damage  to  the  animal  organism. 

BecquereURays  act  sinulurly  to  the  Roentgen.  Tisaue-iJegenerations  and  in* 
fljimmat ions  appear  in  the  second  or  thirrl  week  after  the  exposyre  and  reach  their  acme 
in  20  W  days  {f/athin.  I.e.).  Slowly  healing  ulcers  may  be  formed.  iSome  success  has 
|>**en  obtained  with  the  rays  in  the  treatment  of  rancer  of  the  skin  liud  lupus.  Accord- 
ing to  Pfff/Jtr,  Frieilherger.  and  .Srholtz  the  rays  are  bactericidab  and  a  portion  of  the 
fietive  rays  can  penetnite  the  tissues  to  a  depth  of  several  millimetres.  Roentgen  and 
H<*c«pierel  rays  are  not.  like  light,  heat,  and  electricitv.  esjiecial  forms  of  undulatiohs  of 
the  ether*  but  consist  of  extremely  minute  particles  of  matter,  electrons,  which  are  given 
off  into  space  with  great  rapidity.  In  the  case  of  the  Hoent  gen -rays  the  projecting 
pi»wer  is  the  electrical  cnerg\^  supplied  to  the  Roentgen  tube.  The  Becf|uerel  rays 
ffprewent  a  property  of  certain  bodies  designated  by  Becquerel  as  raititt-aetivitt^.  In 
189fi  this  investigator  discoveriHl  that  uranium  and  its  sidts  give  off  rays  that  act  upon 
phoUTgraphic  plates  in  the  dark  and  are  capable  of  jsenetniting  biKlies  impervious  to 
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light.  In  1898  Madame  Curie  succeeded  in  separating  from  pitchblende  two  radio- 
active bodies  which  were  named  radium  &nd  polonium.  In  1899  a  third  radio-active 
body  {actinium)  was  discovered  by  Curie  and  Debieme.  Radium  has  been  produced  in 
a  pure  form  and  has  been  the  most  carefully  studied.  It  is  a  new  element,  the  salts  of 
which  are  radio-active  in  the  highest  degree  and  project  electrons  into  space  at  a  velocity 
of  160,000  kilometres  per  second,  at  the  same  time  givin  t  off  heat-rays.  The  air  about 
it  becomes  ionized,  that  is,  becomes  a  conductor  for  electrical  discharges.  The  action 
of  radium  upon  the  tissues  is  similar  to  that  of  Roentgen-rays. 

According  to   Hinstedt  (Ann.  der  Phyttik,  1903),  numerous  springs,  hot  ones  in  • 
particular,  are  radio-active,  and  it  is  not  improbable  that  their  special  action  is  in 
part  dependent  upon  this  property. 
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§  4.  A  sudden  lowerins:  of  atmospheric  pressure,  as  in  the  ease  of 
Dionntain-climbing  and  balloon  ascents,  may  cause  conditions  of  great 
exhaustion,  with  marked  palpitation  of  the  heart,  unconsciousness,  ir- 
regular breathing,  and  sometimes  vomiting,  and  bleeding  from  the  gums 
and  lips.  These  symptoms  depend  essentially  upon  a  Jack  of  oxygen 
(P.  Bert),  the  capillaries  of  the  lungs  being  unable  to  take  up  sufficient 
oxygen  from  the  highly  rarefied  air.  Kronecker  believes  that  they  are 
to  be  referred  to  disturbances  of  the  pulmonary  circulation.  According 
to  the  investigjitions  of  Schumburg  and  Zuntz,  it  appears  that  a  given 
amount  of  labor  calls  for  a  grejiter  amount  of  oxygen  at  an  increased  ele- 
vation than  at  a  lower  level.  Tlie  symptoms  of  mountain -sickness  appear 
at  a  lower  elevation  than  those  of  balloon -sickness,  owing  to  the  demands 
made  upon  the  muscles  in  the  former  case  during  the  climbing.  During 
the  building  of  the  Gorner  Grat  Railway  it  was  found  that  at  a  height 
of  2,700-^,000  metres  the  capacity  of  the  laborers  was  diminished  to  a 
third. 

According  to  the  researches  of  Egger,  Miescher,  and  others,  a  sojourn 
in  high  altitudes  leads,  after  a  short  time,  to  an  increase  in  the  umnber 
of  red  cells  and  a  greater  haemoglobin-content  of  the  blood. 

Schaumann  and  Rosenquist  hold  that  the  same  phenomenon  may  be 
observed  in  animals  confined  for  some  time  in  bell -jars  at  a  lower  atmos- 
pheric pressure.  Other  authors  (Schumburg,  Zuntz,  Gottstein)  oppose 
this  view,  and  maintain  that  the  phenomenon  is  due  either  to  a  thicken- 
ing of  the  blood  from  loss  of  water  and  to  changes  in  the  distribution  of 
the  blood,  or  to  changes  in  volume  of  the  measuring-apparatus;  they 
endeavor  to  explain  the  favorable  effects  which  many  individuals  expe- 
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rieiK*e  fruiu  a  resideiict*  at  hi;j:h  iiltilotU'..  by  r**r1ain  si hiiulatidg  iiiflii- 
eyces  (jt^n/; iter  exposure  to  suiTs  niys)  which  aftbct  the  nervous  system 
and  eiujse  iiirreast^<l  metiilmlism.  Af*('ordi!i^f  to  Mtwi'u  htfeum' and  pro- 
longed  irnnJmtmn  of  tiie  body  stiniulatrs  the  foniuition  id'  red  blfHiMl-cells 
and  to  a  leivst^r  decree  also  that  cd^  tbe  hieiuogloliiij. 

A  sojourn  iji  divin^^-lx^lls  or  caissons,  such  as  are  employtHl  in  build- 
iii^  operatifuis  Iteoeath  the  w;iter,  in  which  th*^  atmospheric  pressure  is 
Increased,  under  certain  Cfuiditions,  as  hiij:h  as  Tour  atmospheres  fir  even 
greiit**r,  causes  a  slight  ditlieulty  in  bieathiu^  aud  a  i-elatively  uuiuipor- 
tant  inerctuse  of  t!ie  pnlse-rati\  If  a  chjinjj!:e  l>e  made  quickly  from  the 
conjpresseil  atmosphere  to  air  of  ordinary  pn*ssnre,  there  may  occur 
within  an  Iionr  a  condition  of  giTid  fatigue,  tightness  td"  t lie  chest,  ring- 
ing of  the  eai-s,  eranips  in  the  muscles,  pains  in  the  joints  and  lind^s, 
hienuuThages  fr«un  Ihe  nose,  ears,  and  lungs,  dilatation  of  the  jnifdls,  aud 
under  certain  coudititms  paralysis,  coma,  delii'inui,  and  even  death  after 
an  interval  of  from  one  to  twenty  days.     The  caiLse  of  these  [>heuomena 

is  xjrobably  to  Ije  found  in  the  obsl ruc- 
tion of  blood-vessels  of  the  spinal  cord 
by  bnbliles  of  idtrogen  that  lias  l>eeu  ab- 
sorlj<*duudei'the  high  })ivssnre  (  Hoehe). 
Aceordiug  to  expcriineutal  investiga- 
tions of  Heller.  Mager,  and  vou  Si-hrot- 
tv\\  tta^  blooil,  after  rapitl  rennjval  of 
pressure,  ciuitains  free  gjis  (ahnost  ex- 
chisivcty  tntrogi'ti),  Sf>  that  free  gits 
circulates  iu  the  bhiod.  In  fatal  cases 
ass^X'iated  willi  j>aralysis  areas  of  de- 
generation ( Nikiforoti*)  ai*e  found  in 
the  white  cohnnus  of  the  spinal  cord, 
in  which  individual  nerve  til Kres  jireseut 
nmrke4t  changes  iu  the  forui  of  swelliug 
of  tlie  axis  cylinders,  aud  disintegration 
of  tile  medullary  sheaths,  ^vith  the  for- 
luatioii  iif  vai'uoles  in  the  place  of  the 
nerve- fibres  that  have  bt*eii  completely 
destroyed.  If  the  gray  matter  is  in- 
volved, the  ganglitm-cellH  nuiy  als4>  de- 
genende. 

C'hauges  iu  the  electrical  condition 
of  the  Jitnu>sj>here  aud  in  tlie  nuiguetic 
state  of  the  earth  liave  no  demonstiable  irrtlueuce  upon  the  human 
tMidy ;  on  the  otiicr  baud,  electric  discharges,  its  light  ningsti'oke.  uuiy 
cans**,  in  part,  lot^al  h^siims  of  the  skiu  tcscud^ling  burns  (Fig*  1),  haem- 
orrhages in  the  skill,  and  burning  of  tht*  hair;  ami,  iu  part,  lesions  of  the 
whole  body,  tender  eertaiu  ei  re  ii  instances  lightuing-st  roke  causes  lace  ra- 
tion of  iiiteraal  ojgans,  as,  for  4*xanrple,  nf  the  iieart  and  liver.  The 
most  fre<inenl  ami  imporJant  eftect  of  lightning-stroke  is  a  paralysis  of 
the  nervous  system,  whicii  gives  rise  to  a  s*^vere  dys]>n<i'a,  which  may 
Ik^  fatal  immediately  oi*  aftt^ia  few  miuntes  or  Incurs,  iU"  may  gratlually 
passawjiy  al^ter  several  liour-s,  days,  or  weeks.  Only  rarely  do  individual 
nerve  trunks  remain  permanently  i>aralyKed.  A  tniusitory  paralysis 
nuiy  occur  when  the  elect rieal  dist^harge  has  iH>t  passed  through  the  body, 
but  has  descended  iu  ils  ueighborhood. 

In  individuals  wlm  have  been  struck  liy  lightuiug  there  may  1h^  found 


Fl«.  1,— lifrlitiiinff-nffurv*  nn  the  itlnnilT- 
iter,  hv^mX  uiiif  urui  <'!  a  woiuiiii  struvk  hj 
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slight  or  severe  burns  of  the  skin  corresponding  to  the  points  of  entrance 
and  exit  of  the  current,  and  various  injuries  to  the  tissues  in  the  course 
of  its  path  through  the  body.  The  marks  of  the  burn  are  for  the  greater 
l)art  red,  and  form  peculiar  branching  zigzag  lines,  the  so-called  lightning 
Jiguren  (Fig.  1),  which  are  essentially  a  hypercemia,  and  soon  disappear 
if  the  burns  are  not  severe. 

The  passage  of  powerful  electric  currents  of  high  tension,  such  as 
are  generated  by  dynanios,  through  the  human  body,  iis  may  happen 
when  an  individual  is  placed  in  a  circuit  or  comes  into  contact  with  an 
uninsulated  conductor,  may  give  rise  to  severe  disturbances  or  cause 
death.  According  to  Kratter,  the  lower  limit  of  danger  occurs  at  a  ten- 
sion of  about  five  hundred  volts.  Alternating  currents  are  much  more 
dangerous  than  continuous  ones  of  the  same  strength  and  tension.  When 
the  effects  are  not  fatal,  the  injured  person  is  suddenly  rendered  uncon- 
scious, this  condition  lasting  for  a  few  minutes  or  several  hours,  and  for 
sevei-al  days  afterward  symptoms  of  vertigo,  prostration,  headache,  and 
palpitation  of  the  heart  may  pei-sist  (Kratter).  At  the  points  of  contact 
more  or  less  severe  burns  are  produced. 

In  fatal  cases,  death  takes  place  suddenlj^  or  rarely  after  ten  or  thirty 
minutes.  The  autopsy  findings,  aside  from  the  burns  at  the  points  of 
contact,  are  evidences  of  suffocation  and  hypervenosity  of  the  blood, 
stasis  of  the  blood  within  the  thoracic  vesstls,  and  often  small  scattered 
haemorrhages  which  are  due  partly  to  the  direct  action  of  the  current. 
The  cause  of  death  is  paralysis  of  the  centre  governing  the  respiration 
or  the  heart's  action. 
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2.   The  Origin  of  Disease  through  Mechanical  Influences, 

§  5.  Traumatic  influences  of  various  icinds  leading  to  concussion, 
bruising,  and  laceration  of  tissue  are  of  very  frequent  occurrence,  and 
act  partly  through  the  tearing  and  destruction  of  tissue,  partly  through 
changes  in  tissue -organization  not  recognizable  to  the  naked  eye,  and 
partly  through  lesions  and  ruptures  of  the  blood-  and  lymph-vessels,  and 
through  irritation  and  paralysis  of  nerves.  The  sequelae  are  partly 
necrosis  and  destruction  of  tissue,  partly  disturbances  of  circidation,  inflam- 
motion,  and  regenerative  proliferations.  Frequently  repeated  mechanical 
traumatisms  of  slight  degree,  such  as  rubbing,  may  give  rise  to  congestive 
hyperemia  and  inflammations,  which  may  lead  further  to  hyperplastic 
groicths  of  tissue.  If  large  quantities  of  insoluble  c7m.^<  prirticles  are  con- 
tinuously taken  into  the  lungs  indurations  of  the  pulmonarj^  tissue  may 
develop  in  consequence.  As  a  result  of  prolonged  presHure  and  dimimdion 
of  space,  atrophy  of  an  organ  or  tissue  may  occur  (corset-liver J. 

After  a  single  or  after  frequently  repeated  trauma,  there  may  de- 
velop under  certain  conditions  at  present  unknown  to  us,  malignant  new- 
formations  of  tissue  called  tumors.  Trauma  may  further  pave  the  way 
for  an  infection,  either  in  that  the  wound  caused  by  the  trauma  is  in- 
fected at  the  time  of  injury  or  is  secondanly  infected  from  mihout ;  or  that 
micro-organisms  tcei^e  previou^y  present  in  the  body  under  conditions  in- 
hibiting their  growth,  and  these  find  in  the  injured  tissues  a  suitable  soil  for 
grovih,  so  that  to  the  trauma  an  infection  is  joined. 

Traumatic  influences  affect,  first  of  all,  the  external  parts  of 
the  body;  but  it  may  happen,  either  with  or  without  visible  injury 
to  external  parts,  that  internal  organs  may  be  injured,  and  the 
internal  lacerations,  necroses,  and  haemorrhages  thus  produced,  may 
be  followed,  not  only  by  inflammations  and  reparative  tissue  pro- 
liferations, but  also  by  malignant  neoplasms,  and  by  infective  proc- 
esses. 

Mechanical  lesions  (also  thermal,  electrical,  and  corrosive)  run  a  spe- 
cial course,  if  through  the  local  injury  the  nervous  system  becomes  in- 
volved. Such  involvement  occui-s  either  through  the  direct  action  of 
the  trauma  upon  the  central  nervous  system ;  or,  by  the  stimulation  of 
the  sensory  or  sympathetic  nerves,  the  central  nervous  system  may  be 
so  affected  that  a  number  of  additional  nervous  symptoms  follow. 

If  the  direct  concussion  of  the  cranium  is  followed  by  paralysis  of 
the  cerebral  function  and  unconsciousness,  the  condition  is  termed 
commotio  cerebri  or  cerebral  concussion.     This  term  is  especially  used 
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when  the  traama  has  produced  no  visible  changes  in  the  structure  of  the 
brain,  or  at  least  none  of  any  size  or  importance. 

Kxcessive  stimulation  of  the  peripheral  nerves  may  cause  a  reflex  in- 
hibition or  paralysis,  involving  chiefly  the  functions  of  the  heart  and 
respiratory  aj>paratus ;  the  symptoms  thus  produced  being  collectively 
designated  as  shock.  The  most  frequent  causes  of  shock  are  injuries  to 
the  spinal  column,  abdominal  cavity,  and  scrotum,  less  frequently  to 
the  extremities  and  thorax.  Further,  shock  may  be  caused  by  light- 
ning-stroke, burns,  corrosions  of  the  skin,  fear,  and  psychical  emotions 
through  whatever  avenue  of  perception  they  may  be  called  forth.  In- 
dividuals whose  nervous  systems  are  in  a  certain  condition  of  excitement 
are  especially  liable  to  shock ;  conditions  of  narcosis  and  drunkenness 
inhibit  its  occurrence. 

Shock  is  characterized  chiefly  by  weakened  energy  on  the  part  of  the 
heart  and  irregular  breathing,  which  lead  to  a  decrease  in  the  inter- 
change of  gases  in  the  tissues  and  to  a  lowering  of  the  temperature 
(Roger).  The  consciousness  is  usually  preserved,  the  skin  and  visible 
mucous  membranes  are  pale,  the  pulse  is  small  and  markedly  quickened, 
often  irregular  and  intermittent. 

Further,  the  individual  suffering  from  shock  may  be  either  excited, 
groan,  shriek,  and  complain  of  a  fearful  anxiety  associated  with  dyspniea 
{erethiHtic  shock) ;  or  he  may  lie  quiet,  with  sunken  countenance,  and  ex- 
hibit evidences  of  great  weakness  of  both  sensory  and  motor  functions 
(torpid  shock).  In  severe  cases  death  takes  place  from  the  stoppage  of 
the  heart  and  cessation  of  respiration. 

Shock,  in  being  due  to  the  over- stimulation  of  the  peripheral  nerves, 
is  closely  allied  etiologically  to  the  phenomenon  known  as  syncope ;  but 
the  last-named' condition  differs  essentially  from  shock  in  that  its  chief 
symptom  is  a  transitory  loss  of  consciousness,  while  the  functions  of  the 
heart  and  respiration  show  no  marked  disturbance.  Syncope  is,  further, 
usually  preceded  by  prodromal  symptoms,  such  as  dizziness,  ringing  in 
the  ear,  and  darkening  of  the  visual  field,  these  being  absent  in  shock. 

Not  infrequently,  following  an  injury  to  some  part  of  the  body,  there 
may  arise  a  more  or  less  pronounced  functional  disturbance  of  the  ner- 
vous system,  which  may  often  persist  long  after  the  local  injury  has 
healed,  so  that  such  disturbance  is  in  no  way  dependent  upon  anatomical 
changes  in  the  peripheral  or  central  nervous  system,  but  must  be  re- 
garded as  a,  purely  functional  disturbance  of  psychical  07*igin.  Such  condi- 
tions are  termed  traumatic  neuroses  or  accident  nervous  diseases,  and 
are  characterized  chiefly  by  subjective  but  in  part  also  by  objective  symp- 
toms. To  the  first  belong  especially  pains  not  definitely  localized  at 
the  seat  of  injures  as  headache,  pain  in  the  chest,  backache,  difficulty 
in  movement,  general  lassitude,  inability  to  perform  mental  labor,  dul- 
ness  of  perception,  disturbances  of  sight,  flashes  before  the  eyes,  dizzi- 
ness, restless  sleep,  loss  of  appetite,  and  disturbances  of  digestion.  With 
these  last  symptoms  are  associated  psychical  depression  of  a  hypochon- 
driacal or  melancholic  character,  irregularly  placed  areas  of  cutaneous 
ansesthesia,  enfeeblement  of  the  senses  of  taste,  hearing,  and  smell,  motor 
paralysis,  cramps,  and  hypersesthesia,  concentric  narrowing  of  the  visual 
field,  pareses,  muscular  spasms,  tremors,  acceleration  of  the  pulse,  and 
tendency  to  sweating. 

All  of  these  phenomena  depend  essentially  upon  a  psychical  shatter- 
ing of  the  perceptive  life,  a  psychoneurosis  which  is  less  often  due  to 
the  trauma  and  the  associated  psychical  shock  than  to  the  resulting  anxi- 
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ety  over  health  and  business  matters.  The  condition  in  part  partakes 
of  the  nature  of  hysteriay  as  characterized  by  a  disturbance  of  the  normal 
relation  between  the  mental  and  bodily  processes;  in  part  of  hypochon- 
dna,  as  recognized  by  the  spontaneous  occurrence  of  abnormal  sensa- 
tions ;  and  in  i)art  of  a  neurasthenia,  which  reveals  itself  by  the  produc- 
tion of  abnormal  pathological  sensations  through  relatively  slight 
stimulation  or  exertion.  If  the  will  no  longer  controls  the  motor  centres, 
hysterical  paralyses  arise ;  if  the  normal  control  and  inhibition  of  the 
will  are  lost,  so  that  unreasonable  will-stimuli  are  created  and  influence 
the  muscles,  hysterical  twitchings,  contractures,  or  convulsions  take  place. 
If  a  nervous  stimulus  arising  in  the  sensory  tract  fails  to  reach  the  con- 
sciousness, there  follows  a  hysterical  anaesthesia;  if  there  arise  in  the 
consciousness  the  images  of  expected  or  feared  sensations,  and  if  these 
images  are  intensified  into  actual  subjective  stimuli  of  consciousness, 
hysterical  pains  and  neuralgias  result  (Striimpell). 

Roaenhacli  designates  as  klnetoses  those  diseases  which  arise  when  energetic  and 
continuous  movements  of  the  body  in  one  direction  are  changed  into  the  opposite  direc- 
tion, so  that  a  shifting  of  the  internal  organs  results.  In  this  class  belong  the  patho- 
logical phenomena  observed  in  aeasickne^a,  and  in  the  conditions  caused  by  seesawing, 
whirling,  movement  in  a  vertical  direction,  and  sudden  stoppage  of  motion.  As  a  result  of 
the  rapid  change  in  direction  of  bodily  motion,  the  molecules  which  are  moving  in  the 
line  of  the  primary  direction  are  forced  to  move  in  the  opposite  direction;  and.  ac- 
cording to  Rosenbach,  such  a  change  is  sufficient  to  cause  more  or  less  important  molec- 
ular disturbance.  He  explains  the  symptoms  of  seasickness,  as,  for  example,  the  ab- 
normal secretion  of  the  stomach,  the  increase  of  intestinal  peristalsis,  the  vomiting,  etc., 
as  the  results  of  purely  mechanical  influences  on  the  tissues,  and  believes  that  the 
liver,  intestine,  brain,  and  nerve-plexuses  are  similarly  affected  through  mechanical  in- 
fluences acting  upon  their  protoplasm.  On  the  other  hand,  Bim  refers  seasickness  to 
an  acute  anaemia  of  the  brain  which  causes  the  nausea  and  vomiting.  A  horizontal 
position  and  the  administration  of  a  water  solution  of  chloral  hydrate,  which  dilates 
the  arteries  of  the  head,  have  a  favorable  action  upon  the  condition. 
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3.   The  Origin  of  Disease  through  Intoxication, 

§  6.  By  poisoning  or  intoxication  is  nieaut  that  impairment  of  health, 
caused  by  the  injury  to  a  tissue,  tchich  certain  substances,  by  virtue  of  their 
chemical  nature,  are  able  to  produce  under  certain  conditions.     Such  sub- 


POISONS.  19 

stances  are  -termed  poiJsons,  and  are  derived  partly  from  the  mineral 
kingdom,  partly  from  the  vegetable,  and  partly  from  the  animal  king- 
dom. They  may  occur  in  a  natural  state  or  they  may  be  produced 
artificially  from  inorganic  or  organic  substances.  Many  of  the  most 
important  poisons  are  products  of  either  plant  or  animal  life,  and  are 
formed  either  within  the  tissues  of  the  plant  or  animal,  or  from  their 
food-supply  by  the  transformation  of  substances  which  are  either  inert 
or  possess  an  entirely  diflferent  action. 

The  most  impmiant  poisons  belonging  to  the  mineral  kingdom  or  which  are 
produced  from  minerals  are :  metallic  mercurj%  chlorine,  bromine,  iodine, 
sulphur,  and  various  combinations  of  these  substances,  diflferent  combi- 
nations of  arsenic,  antimony,  lead,  barium,  iron,  copper,  silver,  zinc, 
potassium,  sodium,  chromium,  etc.  Of  the  poisons  containing  carbon, 
which  are  artificially  produced,  the  most  important  are:  chloroform, 
chloral  hydrate,  ether,  alcohol,  iodoform,  carbon  bisulphide,  hydro- 
cyanic acid,  potassium  cyanide,  oxalic  acid,  nitroglycerin,  amyl  nitrite, 
petroleum,  carbolic  acid,  nitrobenzole,  picric  acid,  and  aniline.  It  may 
be  observed  in  this  connection  that  modern  chemistry  is  constantly  pro- 
ducing new  substances,  some  of  which  are  poisons. 

Of  the  poisons  produced  by  plants  of  the  higher  order,  those  of  chief  im- 
portance are :  the  vegetable  alkaloids,  such  as  morphine,  quinine,  colchicine, 
atropine,  hyoscyamine,  veratrine,  strjxhniue,  curariue,  solanine,  nico- 
tine, digitaline,  santonin,  aconitine,  cocaine,  coniine,  muscarine,  and 
ergotine,  all  of  which  in  relatively  small  doses  may  cause  poisoning. 

The  lower  forms  of  plant  life,  especially  bacteria,  produce  an  extraordi- 
nary variety  of  both  poisonous  and  non-poisonous  substances,  out  of  the  food 
material  in  which  they  develop.  Some  of  these  substances  are  similar  to 
the  vegetable  alkaloids,  others  to  the  ferments,  and  are  therefore  desig- 
nated toxic  cadaveric  alkaloids,  toxic  ptomains,  toxins,  and  toxenzymes  (com- 
pare §  11).  It  may  hapi)en  that  the  blood,  flesh,  or  any  organ  of  a 
healthy  animal  may  acquire  poisonous  properties  through  the  presence 
in  it  of  poisonous  products  of  bacterial  growth.  Such  diseases  due  to 
bacterial  poisons  in  the  food  are  known  as  botulismus,  sausage,  meal,  fish, 
and  cheese  poisoning.  These  conditions  are  to  be  explained,  in  part,  by 
the  growth  of  bacteria  (7?.  botuUnuH)  in  the  food -stuff  and  the  formation 
of  j)oisonous  products,  true  toxins  (J^  11)  ;  in  part  by  the  fact  tliat  germs 
were  present  in  the  tissues  of  the  animal  before  death,  the  animal  being 
slaughtered  while  diseased,  and  the  use  of  its  flesh  as  food  causes  either 
poisoning  or  the  same  disciise  as  that  affecting  the  animal.  Under  cer- 
tain conditions  foods  which  are  not  spoiled  may  already  contain  bacteria, 
and  these  may  develop  in  the  intestine  of  the  individual  eating  the  food 
and  cause  poisoning  through  the  production  of  toxins,  or  enzymes. 

According  to  Lombroso,  the  disease  pellagra,  which  is  of  common 
occurrence  in  Italy,  Eoumania,  and  Greece,  is  caused  by  the  eating  of 
decomposed  corn.  The  disease  kakk^  or  beriberi,  whicli  is  endemic  in 
Ja]>an,  is  regarded  by  Miura  and  Yaniagiva  as  due  to  the  extended  use 
of  rice  which  has  been  spoiled  in  drying. 

Among  the  animals  which  normally  produce  poisoyis  within  certain  tissues 
of  their  bodies,  the  best  known  are:  serpents,  toads,  salamanders,  fish, 
mussels,  oysters,  scorpions,  Spanish  flies,  and  many  stinging  insects. 

Certain  forms  of  s?a-fish  are  poisonous  at  all  times,  others  only  at  certain  periods, 
and  observations  have  been  made  particularly  of  such  fish  found  in  Japanese  waters. 
According  to  Saotschenko,  the  poison  of  many  poisonous  fishes  is  secreted  by  certain 
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skin-glands  found  at  the  roots  of  the  dorsal  and  caudal  fins,  and  may  be  found  also  in  the 
eggs  of  such  fish.  According  to  Remy,  Miura^  and  Takesaki,  the  poison  is  secreted 
in  the  sexual  elands  alone  in  the  case  of  the  poisonous  fish  belonging  to  the  family 
Gymnodontes  (tetrodons).  According  to  Mosso,  there  is  found  in  the  blood-serum  of 
eels  a  toxic  substance  (ichthytoxin)  which,  when  introduced  into  the  small  intestine 
of  animals  experimentallv,  causes  symptoms  of  poisoning  and  may  kill  the  animal. 
According  to  m.  Wolff,  the  liver  of  mussels  (Mytilus  edtuis)  contains  the  poison:  its 
action,  according  to  Schmidimanny  VirchoWy  Salkowski,  and  Brieger,  is  similar  to  that 
of  curare.  Brieger  has  also  shown  that  from  the  poisonous  mussels  there  can  be  ob- 
tained basic  substances  closely  related  to  ptomalns,  the  basic  products  of  decomposi- 
tion. To  what  extent  the  causes  of  the  production  of  poisons  in  poisonous  fishes  and 
moUusks  are  to  be  ascribed  to  normal  and  to  what  extent  to  pathological  processes  of 
life  cannot  at  the  present  time  be  always  decided.  From  the  fact  that  the  mussels 
and  oysters  are  poisonous  only  in  certain  places  where  the  water  is  impure,  and  as  the 
starfish  found  in  the  same  localities  are  similarly  affected,  it  is  probable  that  the  poison- 
ous action  of  these  moUusks  may  in  part  be  due  to  their  contamination  with  bacteria 
or  to  the  occurrence  of  certain  diseased  conditions. 

The  venom  of  serpents  is  formed  exclusively  in  the  poison-glands  lying  in  the  upper 
portion  of  the  comer  of  the  mouth.  It  is  a  green  or  yellowish  fluid  and  its  activity  is 
not  influenced  by  drying  or  by  preservation  in  spirits. 

Snake  venom,  ike  poison  of  spiders  and  toads  and  of  the  blood  of  the  eel  and  murcena. 
ricin  (obtained  from  the  seed  of  the  castor-oil  bean),  and  abrin  (from  the  seed  Abrus  fjreca- 
torius)  show  properties  similar  to  those  of  the  bacterial  toxins  (compare  §11).  Snake- 
poison  and  that  of  the  blood  of  the  eel  have  also  a  haemolytic  action. 

It  is  difficult  to  give  an  exact  definition  of  poison  and  poisoning,  since  the  miction 
of  the  substances  considered  in  this  connection  varies  greatly  according  to  the  dose  and 
attenuation,  as  well  as  the  method  of  introduction  into  the  tissues  of  the  body.  The 
most  powerful  poisons  when  introduced  in  minute  doses  may  not  only  be  harmless, 
but  may  exert  a  beneficial  or  curative  effect.  On  the  other  hand,  substances  which  are 
not  usually  classed  with  the  poisons,  such  as  the  non-corrosive  sodium  salts,  when  in- 
troduced into  the  body  in  large  quantities  or  in  concentrated  solutions,  may  produce 
effects  which  must  be  regarded  as  of  the  nature  of  poisoning.  Further,  poisons  in  cer- 
tain dilutions  (phenol)  may  serve  as  food-material. 
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§  7.  Poisons  iiuiy  be  divided  aocoi-ding  ti)  their  action  into  tliree 
groups:  first,  those  pruditrhig  lui-al  tissiieciiaDges ;  seeoiu],  those  acting 
iujuriinisly  upon  the  blood  ;tliir(l,  those  affecting  chiefly  the  nervous 
system  and  the  hiKni  witliont  prodiieiiig  recognizable  aiiiitomieal  lesions. 

The  poisons  whictt  cause  marked  local  lesions  injure  primarily  the 
tissnes  with  which  I  hey  tii-st  come  into  con  I  act  upon  entering  the  body. 
If  such  fii)isons  are  ditt\isi*d  by  means  of  the  body-fluids,  the  most 
diverse  organs  and  tissues  may  be  injured;  but  their  action  is  usually 
limited  to  that  organ  in  which  they  are  stored  up  or  through  which 
they  are  excreted,  especially  \lm  liver,  intesUne,  ami  kidneys. 

The  primary  seat  of  injury  is  most  often  the  niucosi  of  the  upper 
portion  of  the  intestinal  tract  and  the  respiratory  passages,  hut  iu  many 
Citst^s  the  skin  is  tii-st  aifected.  Very  frequently  poisons,  wiiich  are  em- 
ployed i'tir  disinfecting,  are  brought  into  contact  %vith  wounds  fur  the 
pnrpos**  of  killing  bacteria  or  preventing  tlieir  growth,  and  in  this  way 
may  canse  h)cal  rlmuges  or  nmy  be  absorbed  and  damage  the  internal  or- 
gans or  the  entire  body. 

The  tirsi  great  group  uf  poisons  belonging  to  this  eUusi;  are  those  which 
eaust*  marked  tissne  changes  at  the  primary  p^jint  of  contact,  whicii  are 
siuiilar  to  th*ivse  of  burns,  and  f*)r  this  re^ison  have  been  designated 
caustics  or  corrosives*  If  tin*  action  of  a  caustic  reaches  its  most  char- 
acteristie  severity,  the  affected  tissne  will  be  wholly  destroyed  and  con- 
verted into  either  a  dry,  hard  eschar,  or  under  certain  conditions  into  a 
moist,  soft  slough.  If  the  action  is  of  moderate  intensity  as  the  result  of 
a  lei^s  concentrated  solution  of  the  caustic  agent,  or  of  incomplete  aetion 
of  the  chemical  even  when  applied  in  strong  s<:>lution  or  in  substance, 
or  liecause  the  tissue  itself  is  moi-e  resistant  as  in  the  ca^"  of  the  skin,  the 
changes  produced  are  niueh  less  severe,  and  are  characterized  by  red- 
ness, swelling,  iuHammatioo,  and  haemorrhages.  Very  diverse  changes 
are  often  found  in  the  same  organ,  such  ils  loc^il  8loughing  (necroses) > 
haemorrhages,  inflammatious,  and  small  swellings  due  to  local  hypersemia. 
If  the  changes  have  existed  for  some  time,  the  local  eschai's  are  sur- 
rounded by  a  moi-e  or  less  marked  inflammatory  zone,  which  in  the  case 
of  certain  caustics  may  be  of  very  limited  exent. 

The  substances  belonging  to  the  class  of  caustic  poisons  are:  first,  the  rorrodi^e 
aeirfs,  sulpLiiric,  nitric^  hyilrochlrjric.  phosphoric »  oxalic^  arsenic,  arsenious,  ismic, 
acetic,  lactic,  trichloracetic,  carholic.  and  salicylic  acids;  ami  further,  the  commit 
combinalwns  of  ihr  Mahes  ami  alkaline  earths,  pot^tssiiun  and  sodium  hydroxide 
(waterj'  solutions  of  KUH  and  NaOH),  raui^lie  aiimionia  (wiluticm  of  NHs  in  water), 
ammonium  carbonate,  caustic  lime,  and  barium  snlphate.  Bt4iinj|:inK  in  this  class 
are  also  certain  corrosive  salts,  chiefly  of  the  fieavy  metak,  such  as  salts  of  antimony 
(tartar  emetic  and  antimony  trichloride),  salts  of  mercury  (corrosive  suhlirtiate  and 
red  precipitate),  nitrati*  of  silver,  zinc  chloride,  zinc  sulphate,  copper  sulphate  and 
copper  acetate,  aluminum  acetate,  potaRRium  chro mate  and  bichromate,  aod  chloride 
of  iron, 

I'he  poinofu  behnging  to  this  class  derived  frnm  animals  are;  cantharidin,  from  the 
beetle  Lt^Ua  vemratoria:  phrj^niri.  the  jM^cretion  from  the  cutaneous  glands  (parotid) 
of  the  toad;  the  secretions  from  the  poison-^ la ndis  of  snakes  ami  scorpions;  the  jseere- 
tion  of  the  sting-^land  of  bees,  wasps,  and  hornets;  the  secretion  of  the  salivary  glands 
of  stinging-gnats,  flies,  aiKl  gad-flies;  and  the  secretion  of  the  poison-glands  of  the 
maxillary  palpjc  of  spiders  (tarantuhi) — all  of  which  cause  ltiC4il  neertjsis,  or  htemorrhage 
and  inflammation.  Many  of  the  higher  pkuittt  produce  in  their  blossoms,  seeds,  stems,  or 
roots  Buhstjinces  which,  when  brought  into  contact  with  the  tissues,  cause  local  irrita* 
tion  and  inflammation,  as,  for  example,  daphne,  difl^erent  forms  of  Ranunctdus,  varie- 
ties of  anemone.  Primula  obeomca  (pubescent  portion),  marsh- marigold,  different 
varieties  of  CnUa,  dragon-root,  Croton  tiglii  (from  the  seeds  of  which  proton-oil  is 
obtained),  buckthorn  (mtamnus  caihartica),  black  elder  (Rkamnns  frnmjtda). 

The  nature  of  the  local  changes  which  these  substances  anJ  many  others  not 
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mentioned  here  produce  is  naturally  very  varied,  and  is  dependent  pertly  upon  the 
activity  of  the  poison,  and  partly  upon  the  location  and  manner  of  application.  The 
mineral  acids,  solutions  of  caustic  potash  and  mercuric  chloride,  when  concentrated, 
cause  marked  tissue-eschars,  associated  with  hemorrhagic  inflammations,  especially 
when  taken  into  the  stomach.  Through  the  action  of  acids  there  is  a  marked  with- 
drawal of  the  alkaline  constituents  of  the  body  fluids,  leading  to  disturbances  of  res- 
piration and  circulation.  The  venom  of  snakes  causes  usually  severe  local  inflamma- 
tions and  hiemorrliages,  which  often  extend  far  beyond  the  region  of  the  bite,  and 
sometimes  may  cause  also  a  widespread  gangrene.  There  are  also  snake-venoms 
which  produce  only  insignificant  local  changes,  the  general  symptoms  of  poisoning 
being  much  more  prominent.  The  volatile  or  gaseous  poisons,  which  in  the  fomi  of 
gas  or  vapor  cause  local  irritation  of  the  tissues,  affect  chiefly  the  mucous  membranes 
of  the  eye  and  respiratory  tract  {irrespirahle  ^ases).  To  this  class  belong  especially 
the  fumes  of  ammonia,  chlorine,  sulphurous  acid,  nitric  oxide,  nitric  dioxide,  nitric  tri- 
oxide.  osmic  acid,  formalin,  and  mustard-oil.  The  intensity  of  action  of  these  poisons 
is  very  varied,  often  causing  only  a  transitory  hyperemia,  but  being  able  also  to  give 
rise  to  tissue  necrosis  and  severe  inflammation.  The  irritation  of  the  respirator^'  tract 
gives  rise  to  coughing  and  a  spasmodic  narrowing  of  the  glottis  which  may  interfere 
with  breathing. 

To  the  local  irritation  and  inflammation  caused  by  these  poisons  at  the  primar}' 
seat  of  contact  may  be  added  further  effects  wpon  internal  organs.  After  the  absorption 
of  these  poisons  into  the  fluids  of  the  body,  those  organs  suffer  most  in  which  the 
poison  is  stored  up  or  elaborated,  though  organs  of  the  most  varied  structure  may  be 
affected,  as  well  as  those  not  concerned  in  the  excretion  of  the  poison.  In  the  case 
of  certain  poisons,  the  changes  at  the  point  of  entrance  are  very  slight  and  often  not 
recognizable,  the  important  anatomical  lesions  occurring  first  in  other  tissues,  to  which 
the  poison  has  been  carried  by  the  blood.  Finally,  a  given  poison  may  act  also  as  a 
nerve  ami  h^ari  poison,  so  that  clinically  the  effects  of  this  action  are  much  more  promi- 
nent than  the  local  lesion.  In  poisoning  with  corrosive  sublimate,  cell  necrosis  t^kes 
place  in  the  secreting  part  of  the  kidneys,  and  there  is  also  severe  inflammation  of  the 
colon.  The  salts  of  chromic  acid,  cantharidin,  and  many  acids  cause  more  or  less  marked 
degeneration  and  inflammation  in  the  secreting  portion  of  the  kidney  and  in  the  urinary 
passages. 

Phosphorus,  arsenic,  antimony,  and  puleaon,  which  have  but  slight  corrosive 
action,  produce  tissue-degenerations,  particularly  fatty  degeneration,  and  also  luemor- 
rhages,  in  the  kidneys,  liver,  heart,  muscles,  bone-marrow,  and  capillaries  of  different 
organs,  these  changes  being  particularly  marked  in  cases  of  phosphorus  poisoning. 
According  to  Meyer,  the  cause  of  the  tissue-degenerations  in  phosphorus  poisoning  is 
to  be  sought  in  its  action  upon  the  cardiac  nervous  system  and  the  conseciuent  (lis- 
turbances  of  circulation.  Ti,schner  believes  that  there  is  a  lesion  of  the  peripheral 
ner\'ous  system. 

If  an  individual  is  exposed  for  months  or  years  to  the  fumes  of  yellow  phosphorus, 
there  may  take  place  an  inflammation  of  the  jaw  bones  leading  to  necrosis,  but  only 
when  the  occurrence  of  inflammatory  changes  is  favored  by  other  causes,  such  as 
putrid  decomposition  in  the  mouth  or  the  presence  of  decaying  teeth. 

The  long-continued  use  of  siher  nitrate  may  be  followed  by  a  deposit  of  black 
granules  of  silver  in  the  most  diverse  tissues,  the  skin,  kidneys,  intestinal  villi,  and  the 
choroid  plexus. 

The  venom  of  snakes  possesses,  in  addition  to  its  local  effects,  a  paralyzing  action 
upon  the  nervous  system  and  heart,  and  may  cause  death  through  paralysis  of  the 
respiratory  centre. 

Soluble  salts  of  lead  when  ingested  may  cause  irritation  and  inflammation  of  the 
intestine,  with  such  symptoms  as  vomiting,  diarrhoea,  constipation,  cramps  in  the 
stomach,  associated  with  such  nervous  phenomena  as  anaesthesia,  motor  paralysis, 
convulsions,  vertigo,  and  loss  of  consciousness.  When  ingested  continuously  for  a 
long  time,  lead  gives  rise  to  ansemia  (J ores),  general  disturbances  of  nutrition,  intes- 
tinal colic,  pains  in  the  limbs,  anesthesia,  motor  paralysis,  cerebral  disturbances,  and 
kidney  disease.  These  disturbances  are  without  doubt  dependent  upon  the  distribu- 
tion and  deposit  of  lead  throughout  the  body,  leading  to  anatomical  lesions  of  varieil 
nature. 

The  active  principles  of  ergot  (Secale  C4)mutum),  sphacelinic  acid  and  comutin, 
when  taken  in  large  doses,  or  when  repeatedly  eaten  in  bread,  cause  itching,  pain,  and 
cramps  in  the  limbs,  followed  by  numbness  and  feeling  of  cold  in  the  toes  and  finger 
tips,  and  finally  there  may  also  occur  a  more  or  less  extensive  gangrene  of  these  parts 
(ergotism,  **Kribbelkrankheit'*);  at  the  same  time  ulceration  of  the  intestine  may 
occur.  In  cases  of  chronic  poisoning,  degenerations  of  the  spinal  cord  take  place 
(Tuetek),    The  feeding  of  chickens  with  ergot  causes  gangrene  of  the  comb  through 
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the  production  of  stasis  and  hyaline  thrombosis  in  the  blood-vessels.  In  animals  fed 
for  a  long  time  with  ergot  degenerative  changes  are  found  in  the  central  and  peripheral 
nervous  system,  in  the  blooa-corpuscles,  and  in  the  endothelium  of  the  blood-vessels 
(Origorjeff). 
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g  8.  The  poisom  tchich  affect  the  blood  chiefly,  and  are  therefore  termed 
blood-poisons,  are  partly  gases  and  partly  fixed  substances.  The  latter 
are  absorbed  chiefly  from  the  intestine,  but  they  may  also  enter  the  body 
through  wounds,  or  they  may  be  injected  directly  into  the  blood-vessels. 
Some  of  the  blood-poisons  may  also  produce  local  lesions  in  the  tissue  at 
point  of  entrance;  further,  there  may  be  joined  to  the  action  on  the 
blood  a  direct  eflfect  upon  the  nervous  system,  which  under  certain  con- 
ditions may  cause  death  before  the  action  upon  the  blood  is  recogniz- 
able. Finally,  it  should  be  emphasized  that  the  blood-changes  produced 
by  the  poison  may  cause  numerous  secondary  changes  in  different  or- 
gans, for  instance,  in  the  kidneys,  liver,  intestine,  and  brain. 

Carbon  monoxide,  hydrocyanic  acid,  potassium  cyanide,  and  hydrogen 
sulphide  form  combinations  with  haemoglobin  giving  rise  to  carbon -mon- 
oxide-haemoglobin, cyan-methaBmoglobin,  and  sulphur-methjemoglobin, 
thei*eby  inhibiting  or  destroying  the  functional  capacity  of  the  red  blood- 
cells.  They  also  produce  an  effect  upon  the  nervous  system  which  is 
most  marked  in  the  case  of  hydrocyanic  acid  and  potassinm  cyanide. 
These  poisons  in  very  small  doses  paralyze  the  central  nervous  system, 
producing  death  almost  immediately  through  paralysis  of  the  centres  of 
respiration  and  circulation. 

Potassium  chlorate,  toluylendiamin,  hydrazin,  nitrobenzol,  iiitroglycerin, 
amyl  nitrite^  picric  acid,  phaUin  (a  poison  obtained  from  the  mushroom, 
Ayaricus phalloides),  helvellic  acid  (poison  of  HelveUa  esculenta),  extractum 
filicis  maris  wthereum,  arseniureited  hydrogen,  and  other  substances  cause 
destruction  and  haemolysis  of  the  red  blood-cells  and  lead  in  part  to  the  for- 
mation of  met  haemoglobin,  that  is,  to  an  oxygen  combination  of  haemo- 
globin, the  oxygen  content  of  which  is  the  same  as  that  of  oxyhtemo- 
globiu,  but  in  which  the  oxygen  is  bound  more  firmly  than  in  the  latter. 

Certain  bacterial  products  which  are  called  bacterial  hcemolysins  have 
also  a  specific  action  upon  the  red  blood-cells,  leading  to  the  production 
of  haemoglobinaemia.  The  best  known  are  those  occurring  in  infec- 
tions with  the  tetanus  bacillus  and  staphylococcus  and  are  known  as 
tetanolysin  and  staphylolysin. 

When  the  blood  of  an  animal  is  introduced  into  the  blood  stream  of 
man  or  of  an  aninml  of  another  species,  specific  hiemolysins  become  active, 
that  is,  poisons  which  cause  luemolysis  of  the  foreign  red  blood-cells. 

Carhon-inonoxide  poisoning  most  often  results  from  the  carbon  monoxide  in  coal- 
or  iliuminating-gas,  but  may  occur  under  other  conditions,  as  in  the  case  of  vapors 
produced  by  ^un-powder  or  gun-cotton.  The  effects  of  the  inhalation  of  carbon  mon- 
oxide result  from  the  combination  of  the  gas  with  the  hjemoglobin  of  the  blood  and 
the  formation  of  carbon-monoxide-haemoglobin.  The  amount  of  oxygen  combined  with 
the  hjpinoglobin  is  thereby  decreased,  and  the  taking  up  of  oxygen  is  reduced,  ev.en 
when  the  respired  air  contains  only  0.05  per  cent  or  even  0.02  per  cent  of  CO  {Gruber). 
The  red  blood-cells  themselves  present  no  changes.  A  rapid  supply  of  carbon  monoxide 
to  the  nervous  system  may  cause  direct  injury  to  the  nerves,  giving  rise  to  convulsions 
and  later  to  paralysis  (Geppert).  In  cases  of  long-continued  poisoning  the  displace- 
ment of  the  oxygen  from  the  greater  portion  of  the  red  cells  leads  to  tissue-asphyxia. 
If  the  affected  individual  does  not  die.  there  may  result,  in  addition  to  the  poisoning, 
severe  disturbances  of  nutrition,  occurring  especially  in  the  nervous  system.  The 
poisoning  itself  is  characterized  by  headache,  tinnitus  aurium,  vertigo,  malaise,  vomit- 
ing, fainting,  convulsions,  paralysis,  and  coma.  The  blood,  as  a  result  of  the  presence 
of  carbon  monoxide,  becomes  a  bright  violet  or  cherry-red  color,  so  that  the  hypersemic 
skin  and  internal  organs  also  appear  bright  red. 

Hydrocyanic  acid  (CNH)  is  found  in  unstable  combination  in  the  leaves,  bark,  and 
seeds  of  many  plants  (bitter  almonds,  cherry-  and  peach-stones,  apple-seeds,  leaves  of 
the  laurel,  bark  of  Prunu^  padus,  tubers  of  many  of  the  Euphorbiacese,  flaxseed,  etc.). 
Potasnum  cyanide  (CNK)  is  used  in  many  of  the  technical  arts.     The  action  of  both 
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of  theso  poisons  upon  the  blood  is  thp  format  ion  of  cyaumolhirrno^lnbin,  which  gives 
the  bluoii  a  hri^hl  n'd  c<)h>r  ami  pnidiict^s  a  hng:ht  red  rKisl-niortpni  lividity. 

Hififroytfi  siilphule  illiS)  is  a  constituent  of  the  gas  c>f  seivers  and  dtinjt-jiits.  Wtieti 
inh.ileri  in  hir^Q  amount ti»  tt  may  cause  sudden  death  fntm  paralysis  of  the  ni-rvous 
sj'stein.  When  liydrttgen  sulphide  is  for  some  tisne  brought  into  enntact  with  blood 
eontahiinp:  0x3  pen  (as  is  nsually  the  case  in  decomposing  cadavers),  a  sylphar-meihu*- 
moplobin  is  fonned,  which  itjives  to  the  blood  a  gR^enish  colnr. 

Thf  iHnsftns  fhaf  (tisHoin'  thr  vf^i  ht<Ht(l-rtlh,  in  part  with  the  furmatiiin  nf  ruethienu)- 
gioliin,  belong  partly  to  the  oxidizing  substances  (ozttne,  iodine,  sodium  hypochloride, 
chlorates,  nitritest  and  nitrates);  partly  to  the  refhicinir  airents  [miseent  hyrlrngeii, 
puUadiuni  hydride,  pyrnuallid,  pyrociitechin,  hydrnchhion.  and  alloxanthin);  also 
and  partly  to  suiistances  which  have  neither  a  reducing  nor  oxidizing  action  isahs  of 
aniline  and  tcdiiidin^  aeetanilid).  Jn  the  transformation  of  ha^moglohin  into  metha> 
mnglobin  throuB;h  oxidizing  substances,  oxyhijemoglobin  is  present  as  an  intermediate 
stage. 

The  formation  of  methapmoglohin  can  occur  either  in  the  red  bhiod-cclls  or  in  the 
haemoglobin  whicli  has  escaped  into  the  likHKbplasnia;  but  the  destruction  of  the  blond- 
cells  and  the  eswipe  of  ha^mtjglobin  into  the  fdaiiiina  uri}  not  always  followed  by  the 
formation  of  metlnemoglobin.  In  the  case  of  a  marked  destruction  of  red  cells,  as  in 
poisoning  from  phallin,  helveltic  acid,  arstiuuretted  livdnjgen,  only  a  portinn  of  the 
hipmoijlobin  is  changetl  into  metlnemogluhin,  Hii^moglobin  antl  oxyliaPiTioglobin  have 
a  red  color,  met  haemoglobin  a  sepia-l>rov\n. 

Dissolution  of  the  red  blood-cells  and  the  formation  of  methiemoglobin  occur  in 
thp  case  of  a  part  of  those  poi.sons  causing  local  tissue-changes,  as  in  poisoning  with 
acids,  metallic  salts,  phosphorus,  arsenic,  and  snake-venoin. 

Ver>^  large  doses  of  fx)tasinum  ehhrate  {('lOnKi  may  cause  ileath  in  a  U'w  hours 
through  the  desiruction  of  re<l  biood-cells  and  the  action  of  the  potassium,  with  the 
occurrence  of  vomiting,  diarrha^a.  dyspnfta,  cyanosis,  and  cardiac  insufficiency.  The 
hlooil  becomes  chocolate-hnrnTi  in  color.  In  more  protracteii  Ciises  of  poisoning 
through  snialler  dows.  (»roducts  of  blood  destruction  are  found  in  the  spleen,  liver, 
hone-marttjw.  and  kidneys:  xind  the  urine  may  show  a  brown-red  to  hlaek  color  (met^ 
haemoglobin).  Delirium,  numljness,  coma,  and  convulsions  occur  during  the  course  of 
the  iritoxicjUion,  showing  tlmt  the  oi^ntml  ner^ovis  systcni  suffers  severely.  Pffrogatlol 
{(\nr,[OH]:.)  produces  similar  effects;  hydnizin  (//a A' — A'//-/)  and  pheiuffhyfirazin 
cause,  in  addition  to  hiemolysis  and  the  fomiation  of  nu^thieinoglobin,  rrudtiple  throm- 
boses. In  poisoning  with  htluffi/'ndwmin  (('r//..[A7/^.]tf 7/j)  the  chief  action  is  the 
destruction  of  red  blood-cells  leading  to  deposits  of  iron-containing  pigment  in  the 
spleen,  liver,  and  bone-marrow.  In  cats  Tnetha?moglobin  may  be  excreted  through  the 
urine  {Hkmtfi).  In  poisoning  with  pirrirarid  (Cft/fif  AY)*]  /I//)  tliere  occurs,  in  addition 
to  the  lilood  changes  and  the  formation  of  metha^nuiglobin,  a  severe  irritation  of  the 
cent  ml  nervous  system  finding  expression  in  violent  convulsions.  ATnlittr  (('«// 6  AT/,) 
acts  in  a  similar  manner,  and  carbon  bi»tilphide  (CSt)  not  only  produces  changes  in  the 
blcK)d  but  also  irritates  and  causes  paralysis  of  the  centnil  nervous  system. 

Accortllng  to  Kobert,  n>t>i  derived  from  the  seeds  of  the  castor  bean,  and  tihrin 
from  the  seeds  of  a/jru»  prf^/tt^rius,  should  be  clitssed  with  the  blood-poisons,  in  that 
in  the  test-tube  they  cause  an  agglutination  of  the  red  cells  and  the  fftnnafion  of  a 
liocculent  prectpitiile.  In  animals  poisi>nLd  ex  peri  mentally,  hjcal  irritations,  tissne- 
degetieraticms  and  lufiammations,  similar  to  those  caused  by  certain  bacterial  toxins^  are 
produced,  as  well  as  disturbiinces  Jn  the  centres  of  the  nicdulla  oblongata,  leading  to 
cessation  of  respiration  with  progressive  falling  of  blood -pressure.  Tissue -degenera- 
tions, inflammation,  and  hamorrlmge  are  found,  after  longer  action,  at  the  point  of 
applicati<in  and  in  the  intestine,  where  the  poison  is  excreted.  Degenerative  changes 
are  also  found  in  lymphocytes,  liver  and  kidney  cells,  and  htturt  muscle. 
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§  9.  The  last  group  of  poisons,  generally  classed  together  as  nerve 
and  heart  poisons,  is  characterized  chiefly  by  the  fact  that,  in  spite  of  the 
severity  of  the  symptoms,  as  shown  in  the  form  of  irritations  and  paraly- 
ses, anatomical  changes  either  cannot  be  recognized  at  all  or  are  confined 
to  structural  changes  in  the  protoplasm  of  individual  nerve-cells,  which 
are  of  similar  character  in  the  case  of  different  poisons.  This  is  espe- 
cially the  case  when  the  poison  is  quickly  fatal,  while  if  the  poisoning 
runs  a  protracted  course,  or  in  the  case  of  chronic  poisoning  from  small 
doses,  extending  over  months  and  years,  there  are  very  often  found 
marked  anatomical  changes— a  fact  which  may  be  taken  as  evidence  that 
these  poisons  do  not  produce  solely  functional  disturbances  of  the  ner- 
vous system,  but  cause  injury  to  the  cell-protoplasm  which  may  be  mani- 
fested in  the  form  of  degenerations. 

Of  the  very  great  number  of  poisons  which  act  especially  upon  the  ner- 
vous system  and  may  cause  death  through  its  paralysis,  the  most  impor- 
tant are :  chloroform,  chloral  hydrate,  alcohol,  ether,  opium  and  its 
alkaloid  morphine,  cocaine,  atropine,  hyoscyamine,  daturine  (stramoni- 
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um-atropiiie),  nicotine,  coniine,  cicutoxin,  santonin,  quinine,  veratrine, 
colchicine,  aconitine,  strychnine,  cytisin,  curarine,  and  samandarine 
(salamander-poison). 

Of  the  heart -povions,  digitalin,  helleborin,  muscarine,  and  phrynin 
(poison  of  toads;  are  of  special  importance. 

Chloroform  (CHCU),  when  applied  directly  to  the  mucous  membranes,  causes 
local  irritation  and  may  produce  transitory  inflammation.  When  conveyed  to  the  blood 
through  inhalation  or  b^  absorption  from  the  intestinal  tract,  it  gives  rise,  after  a 
short  period  of  stimulation,  to  a  condition  of  diminished  initability  of  the  cerebral  gr&y 
and  white  matter.  According  to  Bim,  the  protoplasm  of  the  ganglion-cells  suffers  a 
sh'ght  coagulation.  Death  may  bo  caused  by  paralysis  of  the  central  nervous  system, 
as  well  as  by  a  premature  heart-failure:  the  latter,  however,  occurring  only  when  the 
heart  is  abnormally  weak  or  degenerated.  Certain  individuals  show  an  especial  sus- 
ceptibility to  the  action  of  chloroform.  The  long-continued  use  of  chloroform  may 
cause  degenerative  changes  in  different  organs,  as  the  heart,  kidneys,  liver,  muscles, 
and  blood. 

Mher  (diethyl  ether  C^HtOC^Il^)  acts  similarl}'  to  chloroform,  but  is  less  poisonous, 
and  acts  less  detrimentally  upon  the  heart. 

Kitrous  oxide  {N^O)  acts  chiefly  upon  the  cerebrum,  lowers  the  sensibility  of  pain, 
and  paralyzes  consciousness;  later,  the  action  may  extend  to  the  spinal  cord,  the 
medulla  oblongata,  and  the  heart. 

Alcohol  (CilTtOU),  after  a  transitory  stimulation,  has  a  depressing  and  paralyzing 
action  upon  the  brain,  at  the  same  time  causing  a  dilatation  of  the  arteries  of  the  skin, 
so  that  in  intoxicated  individuals  severe  chilling  through  the  skin  may  easily  occur. 
Death  may  take  place  suddenly,  with  symptoms  similar  to  those  of  apoplexy ;  more 
frequently  there  is  a  gradual  loss  of  ccmsciousness  and  of  sensory  perception,  the  respira- 
tion becomes  slower,  the  pulse  small,  the  face  cyanotic;  complete  coma  and  general 
paralysis  forming  the  closing  symptoms.  The  immoderate  use  of  alcohol  for  months 
or  years  may  cause  degenerative  atrophies  of  liver  and  kidneys  associated  with  increase 
of  connective  tissue;  further,  sclerosis  and  atheroma  of  the  arteries,  degeneration  of  the 
brain,  etc.,  are  ascribed  to  the  action  of  alcohol.  At  the  present  time  it  is  impossible 
to  say  in  what  manner,  how  often,  and  to  what  extent  these  changes  are  dependent 
upon  the  use  of  alcohol.  Much  is  ascribed  to  the  action  of  alcohol  that  is  not  in  any 
way  caused  by  it  and  is  due  wholly  to  the  action  of  other  injurious  agents.  It  is  cer- 
tain, however,  that  drunkards  suffer  frequently  from  disturbances  of  digestion  and 
circulation,  catarrhal  inflammations  of  pharynx,  larynx,  and  bronchi,  and  disturbances 
of  cerebral  function ;  and  that  the  disease  of  the  brain  known  as  delirium  tremens, 
which  is  characterized  by  general  muscular  tremors,  obstinate  insomnia,  anxiety,  and 
hallucinations,  is  especially  to  be  ascribed  to  alcoholism. 

Chloral  hydrate  {COhCn0.n%0)  causes  local  irritation  of  mucous  membranes,  and 
through  the  blood  produces  paralysis  of  the  brain,  spinal  cord,  and  heart,  and  thus  in- 
duces sleep.  In  fatal  doses,  death  follows  deep  coma  as  a  result  of  oedema  of  the  lungs 
due  to  the  general  relaxation  of  the  tissues. 

Opium  and  Morphine  (CnHityOi)  depress  the  cerebral  functions,  thereby  inducing 
sleep ;  in  individual  cases  there  may  be  a  preceding  period  of  stimulation.  Large  doses 
lead  to  unconsciousness,  paralysis  of  muscles,  slowing  and  weakening  of  the  heart's 
action,  contracti(m  of  the  pupils,  slowing  of  intestinal  peristalsis,  diminution  in  the  ex- 
change of  gases  in  the  blood  dependent  upon  diminished  excitability  of  the  respiratory 
centre.  There  is  no  characteristic  autopsy  finding;  the  blood  is  usually  dark  and  fluid. 
The  chronic  use  of  opium  may  give  rise  to  digestive  disturbances,  emaciation,  vertigo, 
sleeplessness,  neuralgias,  imbecility,  impotence,  weakness  of  the  bladder,  hallucination, 
tremors  of  the  hands  and  feet,  fever,  etc.,  yet  these  symptoms  may  vary  much  in 
different  individuals.  In  chronic  morphinism  the  organism  becomes  accustomed  to 
increasingly  larger  doses ;  withdrawal  of  the  drug  causes  severe  nervous  disturbances, 
and  under  certain  conditions  dangerous  collapse. 

Coaiine  {CnlhxNOA)  produces  peripherally  a  dulling  of  the  excitability  of  the 
sensory  nerve-endings;  centrally,  first  a  stimulation  and  later  a  paralysis.  The  chronic 
use  of  cocaine  gives  rise  to  symptoms  simihir  to  those  of  chronic  morphinism. 

Atropine  and  ?iyo8cya?nine  (CijHis^'Oa),  the  alkaloids  which  are  found  in  the 
Solanaceae  (deadly  nightshade,  thornapple,  and  henbane),  cause  paralysis  of  the  periph- 
eral nerve-organs  and  a  central  stimulation,  followed  later  by  paralysis.  Solutions 
of  atropine  introduced  into  the  eye  produce  dilatation  of  the  pupil  and  paralysis  of  ac- 
commodation for  near  vision,  through  its  paralyzing  action  on  the  endings  of  the  motor 
oculi  in  the  iris.  Atropine  may  further  cause  suppression  of  the  secretion  of  certain 
glands  (as  the  submaxillary) ;  it  also  inhibits  intestinal  peristalsis.  As  a  result  of  the 
action  of  this  poison  upon  the  brain,  a  condition  of  excitement,  gayety,  inclination  to 
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laugh,  leadiDg  even  to  insanity  and  frenz}',  may  be  produced,  followed  by  paralysis. 
The  autopsy  findings  are  negative. 

Nicotine  (CioHi^Nu).  a  volatile  alkaloid  found  in  the  tobacco  plant,  acts  upon  both 
peripheral  and  central  nervous  systems,  causing  nausea,  salivation,  vomiting,  diarrhoea, 
vertigo,  muscle- weakness,  headache,  convulsions,  delirium,  and  paralysis.  Chronic 
nicotine  poisoning  may  give  rise  to  nervous  affections  and  disturbances  of  the  hearths 
action. 

Coniins  (C^HnN),  the  alkaloid  present  in  hemlock,  causes  paralysis  of  the  periph- 
eral motor  nerve-endings,  first  stimulating  and  then  paralyzing  the  central  nervous 
system.  Oieutaxin,  a  poisonous  resin  obtained  from  the  water-hemlock  {Cicuta  virom) 
produces  nausea,  vomiting,  attacks  of  colic,  cardiac  palpitation,  convulsions,  and  un- 
consciousness. 

Santonin  {C\J1\%0%)  causes  convulsions  by  its  action  ou  the  brain  and  spinal  cord, 
with  benumbing  of  the  sensorium,  vertigo,  vomiting,  salivation,  and  yellow  vision  or 
xanthopsia,  in  which  white  is  seen  as  yellow  and  blue  as  green. 

Quinine  {CtoHtANiO^),  the  most  important  of  the  numerous  alkaloids  contained  in 
the  Imrk  of  cinchona  and  othei;  closely  related  plants,  has  a  paralyzing  action  upon 
living  protoplasm,  and  in  relatively  small  doses  lowers  the  functional  capacity  of  the 
brain.  Large  doses  produce  death  through  paralysis  of  the  centre  of  respiration  and  of 
the  heart. 

Aconititie,  colchicine,  and  teratrine  produce  local  irritations  and,  later,  benumbing 
of  the  peripheral  endings  of  the  sensory  nerves.  On  the  central  nervous  system  they 
have  first  a  stimulating  action,  later  a  paralyzing. 

Stn/chnine  (C^iITitNtOi),  obtained  chiefly  from  the  plant  nux  vomica,  causes  an 
increased  reflex  excitability  of  the  nerve  centres,  so  that  the  slightest  external  stimu- 
lus may  produce  tetanic  convulsions.  Death  may  occur  in  from  ten  to  thirty  minutes 
after  the  first  convulsion,  and  is  the  result  of  central  paralysis,  namely,  of  the  vaso- 
motor centre. 

Curarine  (CiiHisN),  the  active  principle  of  the  arrow-poison  curare,  is  probably 
derived  from  the  cortical  portion  of  tlie  roots  of  different  plants  of  the  strychnia  family. 
When  used  in  small  doses  it  paralyzes  the  endings  of  the  motor  nerves  of  the  muscles. 
Larger  doses  cause  paralysis  of  the  central  nervous  system  and  of  the  vasomotor 
nerves,  after  a  temporary  stimulation. 

Digitalin  and  digitalein,  two  glucosides  obtained  from  the  foxglove,  act  as  local 
irritants;  after  absorption  they  stimulate  the  heart,  vagus-centre,  and  the  musculature 
of  the  blood-vessels,  so  that  with  a  slowing  of  the  heart-beats  there  is  an  increase  of 
blood -pressure.  Large  doses  cause  headache,  delirium,  tinnitus  aurium,  irregular  in- 
crease in  the  frequency  of  the  heart's  action,  convulsions,  and  coma. 

HeUeborin,  a  glucoside  obtained  from  hellebore,  acts  similarly  to  the  preparations 
of  digitalis. 

Muncarine  (C»i7,ftiV0,),  the  poison  of  the  fly-agaric,  acts  as  a  stimulant  to  those 
nerve-endings  which  are  paralyzed  by  atropine.  The  intense  excitation  of  the  inhib- 
itory centres  of  the  heart  causes  stoppage  of  the  unparalyzed  heart,  and  death  is 
thereby  produced.  The  general  symptoms  of  muscarine  poisoning  are  salivation,  ver- 
tigo, anxiety,  nausea,  vomiting,  diarrhoea,  convulsions,  and  finally  unconsciousness. 
Small  doses  produce  a  condition  of  excitation  similar  to  that  of  drunkenness. 
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4.     OHgin  of  Disease  through  Infection  or  Paramtism. 

§  10.  The  entrance  of  living  organisms  from  the  outer  xcorld  into  the  tissues 
of  the  human  or  animal  body,  and  their  multiplieation  there  with  the  produc- 
tion of  pathological  processes,  is  known  as  infection.  Since  these  organ- 
isms take  their  food  from  the  tissues,  they  are  during  their  stay  in  man 
or  in  animals  to  be  regarded  as  parasites,  and  therefore  the  aflfections 
known  as  the  infectious  diseases  are  nothing  more  than  parasitic 
conditions. 

The  parasites  causing  the  majority  of  tlie  infectious  diseases  are  now 
known.  In  those  diseases  in  which  they  are  not  yet  discovered  (small- 
pox, measles,  scarlatina,  ete.)  the  existence  of  a  parasite  may  be  assumed 
through  the  peculiarity  of  the  infectious  disease;  and,  indeed,  through 
the  fact  that  for  infection  only  the  smallest  imponderable  amount  of  in- 
fective material  is  necessary,  so  that  the  severity  of  the  disease  can  be 
explained  only  through  the  assumption  of  an  increase  of  the  harmful 
agent  within  the  body;  and,  further,  through  the  fact  that  the  disea.se 
in  question  is  characterized  by  definite,  constantly  recurring  phenomena 
and  by  a  typical  course.  It  may  happen  that  a  given  disease  may  spread 
from  one  affected  individual  to  other  individuals,  giving  rise  to  a  pesti- 
lence or  epidemic,  which  may  spread  throughout  one  house  or  city  or 
throughout  the  whole  land  or  over  many  lands.  The  spread  of  the  dis- 
ease occurs  sometimes  in  such  a  way  that  one  gets  the  impression  that 
there  is  a  direct  pas.sage  from  man  to  man,  a  direct  contagion  (diph- 
theria, smallpox,  measles,  influenza,  whooping-cough,  gonorrhcea,  syph- 
ilis, aiid  leprosy);  at  other  times,  as  if  the  causal  agent  of  the  disease 
clung  to  certain  regions  as  a  so-called  miasma  (malaria),  and  from 
thence  infected  the  individuals  who  came  into  its  neighborhood ;  finally, 
at  other  times,  as  if  the  diseiuse  had  been  spread  through  an  affected  in- 
dividual, who  had  acquired  the  disease  somewhere  and  had  then  changed 
his  residence  and  had  infected  the  new  place  of  residence  in  some  way 
or  other,  so  that  the  inhabitants  there  acquired  the  disease.  Infections 
that  may  be  spread  by  this  last  method  may  be  designated  miasmatic 
contagious  diseases  (Asiatic  cholera,  yellow  fever,  typhoid). 

The  parasites  that  cause  the  infectious  diseases  belong,  according 
to  our  present  knowledge,  for  the  greater  part  to  the  scfiizomycetes 
or  bacteria;  but  certain  of  the  higher  plants,  the  mould-fungi  (eumy- 
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cetes),  aud  the  yeasts  may  also  cause  infectious  diseases.  Further,  the 
animal  parasites  are  also  represeuted  by  numerous  species,  belonging  in 
part  to  the  protozoa,  in  part  to  the  worms,  and  partly  to  the  arthropoda. 
It  has  been  the  custom  to  accord  to  the  animal  parasites  an  especial 
position,  since  many  of  them  do  not  increase  in  the  host  in  whom  they 
live,  but  pass  only  through  certain  stages  of  development  without  caus- 
ing such  symptoms  as  are  characteristic  of  the  infectious  diseases.  Such 
a  distinction  will  not  hold  good,  since  typical  infectious  diseases  (malaria) 
may  also  l^e  caused  by  animal  parasites.  Further,  in  the  case  of  many 
of  the  animal  parasites  a  definite  increase  does  take  place  within  the 
human  organism. 

With  the  recognition  that  the  infectious  diseases  are  caused  through 
the  parasitism  of  minute  living  microorganisms  not  visible  to  the  naked 
eye,  the  view  was  soon  reached  that  pure  contagious  diseases  must  be 
caused  by  parasites  that  could  thrive  only  within  the  human  or  animal 
organisms;  while  miasmatic  disesises  arose  through  living  agents  which 
occur  in  the  outer  world  and  occasionally  gain  entrance  into  man  or  ani- 
mals. In  the  first  case  the  microorganisms  were  designate<i  endogeiums 
]X(rasites,  in  the  second  ectogenons.  It  was  assumed  in  regard  to  the 
miasmatic  contagious  diseases  that  the  microorganisms  could  increase 
either  within  the  body  or  in  the  outer  world ;  but,  in  the  latter  place, 
only  when  they  passed  from  the  human  or  animal  body  into  water,  food, 
or  earth. 

With  certain  limitations  this  view  is  still  to-day  regarded  as  correct; 
but,  according  to  later  experiences,  its  original  application  is  not  always 
correct,  since  many  microorganisms  that  ordinarily  increase  only  in  liv- 
ing tissues  as  parasites  require  for  their  growth  outside  of  the  human 
body  certain  conditions  of  life  that  make  their  multiplication  possible, 
so  that  in  a  certain  sense  a  contagium  may  become  a  miasma.  The  causal 
agents  of  measles,  scarlatina,  and  of  syphilis  can  develop  only  inside  of 
the  human  body;  that  of  smallpox,  within  the  body  of  man  and  cattle, 
and  we  have  not  yet  succeeded  in  growing  them  in  artificial  media. 
Tubercle  bacilli  ordinarily  develop  only  in  the  tissues  of  nmn  and  differ- 
ent vertebrates;  but  they  may  be  cultivated  on  certain  media  at  the  tem- 
perature of  the  body,  and  subsequently  can  be  successfully  inoculated 
into  man  and  animals.  Staphylococci  and  streptococci,  which  produce 
suppurations,  anthrax  bacilli,  typhoid  bacilli,  cholera  spirilla,  and  othei-s 
grow  easily  in  very  diiferent  solid  and  fluid  media  and  can  after  such  an 
artificial  cultivation  cause  disease  in  man,  both  through  contagion  and 
tlinmgh  transmission  from  the  outer  world.  But  it  should  be  noted 
that,  even  in  the  last-named  cases,  the  bacteria  concerned  have  often  not 
increased  in  the  outer  world,  so  that,  for  example,  water  used  for  drink- 
ing iKJComes  only  the  conveyer  of  the  infective  agent. 

Malaria,  which  is  considered  the  chief  type  of  a  miasmatic  disease,  is 
produced  by  a  microorganism,  which,  outside  of  the  human  body,  must 
pass  through  definite  stages  of  development  in  certain  mosquitoes  or  it 
will  die.  Through  the  taking  up  of  blood  from  a  malarial  patient  the 
inflated  mosquitoes  (diiferent  forms  of  Anopheles)  represent  the  malaria- 
pnKlucing  miasm,  and  man  is  again  infected  through  their  bite,  and  not, 
as  was  originally  supposed,  through  mists  arising  from  mai-shes  or  through 
bacteria.  It  is  also  possible  to  produce  an  infection  with  malaria  by  the 
transfusion  of  blood  from  a  malarial  patient  to  a  healthy  individual. 

The  view  that  certain  diseases,  particularly  epidemics,  were  of  parasitic  origin,  is 
▼eiy  old,  and  found  expression  in  the  works  of  Kirchner  (1602-1080),  Lancisi  (1654- 
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1720),  Linn^  (1707-1778),  and  others.  It  has  been  left  to  very  recent  times,  however, 
to  place  the  theory  of  the  parasitic  nature  of  the  infectious  diseases  upon  a  secure  founda- 
tion. Though  several  decades  ago  Henle,  Liebermeistery  and  others  asserted  that  the 
peculiarities  of  infectious  diseases  could  be  explained  only  by  the  assumption  of  a 
contagium  animatum,  the  establishment  of  this  doctrine  is  due  to  the  results  of  the 
investigations  of  the  last  thirty  years. 

The  climate  is  often  held  responsible  for  the  origin  of  disease,  and  we  are  inclined 
to  consider  a  region  having  a  uniform  temperature,  much  sun,  and  little  wind  as  a 
healthy  one,  whne  one  havm^  marked  variations  of  temperature,  abundant  precipita- 
tion, little  sun,  and  much  wind  is  regarded  as  unhealthy.  This  is  true  to  a  certain 
extent,  in  so  far  as  invalids  or  individuals  susceptible  to  the  influences  of  weather  are 
concerned,  but  a  much  more  important  and  decisive  criterion  of  the  healthfulness  of  a 
region  is  the  presence  or  absence  of  specific  agents  of  disease,  vegetable  or  animal 
parasites  that  may  infect  man.  Such  disease-producing  agents  may  exist  in  afifected 
members  of  the  population  of  the  region,  in  the  drinking-water,  in  the  earth,  or  in  animals 
etc.  In  the  tropics  the  malarial  parasites  play  the  most  important  r61e,  their  trans- 
mission to  man  being  brought  about  through  the  agency  of  mosquitoes.  Therefore, 
the  most  beautiful  region  which  seems  to  offer  the  best  climate  may  be  unhealthy; 
while  raw,  cold,  and  inhospitable  regions  may  be  very  healthy  through  the  absence  in 
them  of  the  causal  agents  of  disease. 
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See  also  §  12. 

§  11.  The  bacteria  are  small,  iiuicelliilar  organisms,  which  appear 
iu  the  form  of  little  spheres  (cocci),  and  fine,  straight,  or  curved  rods 
(bacilli  aud  spirilla),  frequently  unitiug  in  peculiar  combinations. 
Many  possess  motile  organs   in  the   form  of  llagella.     Under  especial 
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conditions  some  of  them  produce  spores  or  peculiar  permanent  forms, 
mostly  oval  in  shape. 

From  the  standpoint  of  the  physician  bacteria  may  be  divided  into 
the  non-|>athogenic  and  the  pathogenic.  To  the  latter  belong  all  those 
that  are  able  to  increase  in  the  human  and  animal  organism.  But  this 
classification  is  not  altogether  satisfactory,  inasmuch  as  pathological  con- 
ditions may  be  caused  by  bacteria  that  are  not  able  to  increase  within 
living  tissues.  This  rests  upon  the  fact  that  all  bacteria,  not  only  the 
pathogenic,  but  also  the  non-pathogenic,  in  their  growth  in  nutritive 
media  (albumin,  peptone,  gelatin,  non -nitrogenous  media),  decompose 
these,  and  thereby  often  produce  substances  that  are  toxic  for  man  and 
for  the  higher  animals.  These  changes  in  the  nutritive  media  are  brought 
about  chiefly  by  the  action  of  fennents  and  enzymes,  the  latter  process 
being  regarded  as  a  direct  function  of  the  living  cell  substance,  while  the 
former  is  due  to  the  action  of  ferments  or  enzymes  that  are  libemted 
from  the  cells. 

The  most  important  of  the  substances  produced  by  the  decomposition 
of  proteids  are  the  nitrogenous  basic  cadaveric  alkaloids  or  ptomains* 
many  of  which  are  poisons  lor  man.  For  example,  the  toxic  products 
neuridin,  cadaverin,  putrescin,  neurin,  and  methylguanidin,  the  last 
three  of  which  are  poisons,  may  be  obtained  in  pure  form  from  decom- 
posing meat.  If  these  enter  with  the  food  into  the  human  body  symp- 
toms of  intoxication  may  be  produced  without  any  development  of  bac- 
teria in  living  tissue.  On  the  whole,  their  activity  is  not  considered  very 
great,  and  it  is  questionable  whether  the  artificially  produced  poisonous 
ptomains  ever  arise  during  the  processes  of  decomposition. 

Besides  the  property  of  producing  i)toma*ins  and  other  poisonous  sub- 
stance^s  (for  example,  hydrogen  sulphide),  which  belongs  to  many  difier- 
ent  bacteria,  the  pathogenic  bacteria  produce  other  poisons  specific  for 
the  individual  species.  The  fii-st  of  these  to  be  considered  are  the  toxins 
in  the  narrower  sense,  that  is,  poisonous  substances  whidi  do  not  belong 
to  the  ptomains  and  are  also  not  albuminous  bodies  (toxalbumins). 
They  are  the  products  of  secretion  of  the  bacterial  cells  and  can  be  sepa- 
rated by  filtration  from  the  bacteria.  The  most  important  representa- 
tives of  such  poisons  are  those  produced  by  the  haeilli  of  (Uphtlwria  and 
tetunm,  both  in  cultures  and  in  the  hiunan  organism.  It  is  probable  also 
that  cholera  spirilla  produce  them  in  small  amount.  The  toxins  are  very 
unstable  bodies  and  quickly  lose  their  activity  through  heating  above 
50"*  C,  the  effect  of  light,  and  through  the  action  of  acids  and  other 
chemical  substances;  when  dry  they  will  stand  100°  C.  without  injuiy. 
Their  chemical  structure  is  not  known ;  they  may  be  compared  with  the 
enzymes.  Their  activity  is  also  limited  to  the  aniinal  susceptible  to 
the  given  disease.  When  injected  into  susceptible  animals,  their  action 
takes  place  after  a  period  of  ineubatioti  known  as  the  period  of  Jatenen.  In 
the  aflfected  organism  they  c^iuse  the  pi-oduction  of  antibodies  or  antitoxins, 
which  render  the  toxin  harmless  in  the  organism  and  also  neutralize  it 
in  vitro. 

As  a  second  form  of  specific  poison  there  occur  intracellular  toxins 
or  endotoxins,  that  is,  poisons  which  cling  to  the  bacterial  cell  and  are 
separated  from  it  only  with  difficulty.  Even  less  is  known  of  their 
nature  than  of  the  true  toxins.  Typhoid  bacilli,  cholera  spirilla,  and 
pneumococci  form  such  poisons,  and  it  hjis  been  jussumed  that  they  be- 
come active  after  the  destruction  of  the  bacteria  in  the  human  organism. 

A  third  form  of  bacterial  poison  is  found  in  the  bacterial  proteins  or 
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micoproteins,  that  is,  the  substance  of  the  bacterial  cell  itself.  They 
produce  chiefly  a  local  effect,  finding  expression  in  inflammatory  proc- 
esses. It  is  very  probable  that  such  a  local  action  occurs  in  all  bacte- 
rial infections  in  which  the  bacteria  develop  locally.  If  the  bacteria 
concorned  produce  antitoxins  the  action  of  these  is  combined  with  that 
of  tlie  bacterial  proteins. 

In  individual  cases  it  is  very  often  impossible  to  decide  to  what  ex- 
tent ptomains  or  to  what  extent  specific  bacterial  toxins  and  micoproteins 
are  concerned  in  the  production  of  the  pathological  condition.  The 
term  bacterial  toxin  is  very  often  used  in  a  broad  way  to  cover  all  of 
the  poisonous  substances  produced  by  bacteria. 

Some  pathogenic  bacteria  increase  first  in  the  outer  world  (for  exam- 
ple, the  tetanus  bacillus),  and  only  occasionally  do  they  develop  in  the 
human  or  animal  body ;  on  the  other  hand,  other  forms  develop  ordi- 
narily  only  in  the  human  or  animal  arganimt  (tVibercle  bacilli,  glanders, 
leprosy,  diphtheria,  and  influenza  bacilli)  and  need  for  their  development 
outside  of  the  body  especial  nutritive  media,  or,  indeed,  they  cannot  be 
cultivated  at  all.  Others  still  increase  with  especial  energy  in  human  and 
animal  tissue,  but  are  also  easily  groum  upon  different  nutritive  media  (strepto- 
coccus, staphylococcus,  anthrax  bacillus,  typhoid  bacillus,  cholera  spiril- 
lum), and  are  also  able  to  multiply  under  natural  conditions  in  the  outer 
world. 

Tlie  distribution  of  pathogenic  bacteria  from  the  affected  individ- 
ual to  the  outer  world  takes  place  through  coughing,  sneezing,  expec- 
toration, speaking,  through  intestinal  and  urinary  discharges,  secretion 
from  wounds,  sloughing  of  portions  of  tissue,  etc.  When  thrown  out 
into  the  air  they  may  i*emain  floating  for  some  time  and  be  carried  to 
some  distance,  but,  sooner  or  later,  they  become  attached  to  some  object. 
Through  drying  and  through  sunlight  many  of  them  are  quickly  de- 
stroyed. Others  remain  alive  for  a  certain  period,  often  a  very  long 
time,  especially  in  the  form  of  spores,  and  may  be  found  in  either  a  dry 
or  moist  state,  in  the  water  or  in  the  earth.  If  they  find  the  proper  food- 
material  and  if  the  temperature  is  high  enough  for  their  development, 
the  bacteria  may  multiply. 

From  the  place  where  they  are  thrown  down,  or  from  the  objects  to 
which  they  cling,  or  where  they  have  undergone  further  development, 
the  bacteria  may  later  suff'er  a  wider  distribution.  Stronger  currents  of 
air  may  carry  them  farther  away,  especially  from  the  objects  to  which 
they  simply  cling,  or  also  in  the  dust  of  the  room  or  of  the  sti*eet.  Many 
of  them  are  brought  to  the  human  and  animal  organism  jmrtly  through 
food  and  drink,  partly  through  the  air,  and  partly  through  contamina- 
tions of  the  fingers. 

The  avenues  of  entrance  for  bacteria  are,  in  general,  the  mucous 
membranes  of  the  intestinal  canal,  respiratory  tract,  and  the  middle  ear, 
the  conjunctiva,  the  alveoli  of  the  lungs,  and  open  wounds.  But  it 
should  be  noted  that  many  bacteria  are  able  to  gain  an  entrance  only  in  • 
certain  tissues,  for  example,  the  typhoid  bacillus  and  the  cholera  spiril- 
lum gain  entrance  only  from  the  intestine  and  not  from  the  skin  or  lung. 
Through  recent  wounds,  both  pathogenic  and  non-i)atli()genic  bacteria 
are  rapidly  taken  up  into  the  lymph  and  blood;  while  through  wounds 
showing  healthy,  granulating,  uninjured  surfaces,  the  entrance  of  many 
bacteria  into  the  tissues  is  hindered.  Pathogenic  bacteria  (pus  cocci) 
not  infrequently  enter  through  the  uninjured  skin,  either  by  way  of  the 
hair-follicles  or  through  the  sebaceous  or  sweat-glands.     Under  especial 
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(M>ii<ljtioiLS  (ooitiiK,  sar*T:ir:il  openitinus,  dribblitipj  of  iiriiie,  diilflhirth) 
tht"  infection  limy  i:ike  its  slart  tV(*m  tlie  uiiu'^nis  jueiiilnLUit*^  c^f  the  iiro- 
l^i»nitiil  trsioL  SLUiie  iutVctioKS  niiiy  Im  h'luisuiitti'd  by  insects,  which 
have  taken  up  biicteria  with  the  blood  or  secretions  of  a  tiiseiiS4Hl  iiidi- 
virjnal  or  animal,  oi\  having  l>ecoine  c<Hit!Ujnnate*l  t^xteroiilly  by  such, 
may  infect  an  open  wound  l>v  scnipinji*  the  hac'teria  otf  tlieir  legs  upon 
the  expoMMl  snrface,  oi-  by  the  ilired  intrtidnclion  of  ^^^rnis  into  the  skin 
iir  accessible  mucous  nn^nibranes  during  the  act  of  stiajLi:!!!^  or  sucking. 
If  nimt  containing  Inuieria  be  ealen,  ami  if  the  animal  while  alive  was 
utTected  by  an  infet^tious  diseajse  wldcli  also  oci'Ui>i  in  rnan,  this  jjarticu- 
Jar  diseast*  may  lie  ti*aiismitted  to  mnii,  in  cjise  Hie  bacteria  had  not  been 
previously  destroyed. 

Bacteria  arrive  at  the  point  of  entrance,  sometimes  in  association  with 
chemically  active  sidxstaiices,  sometimes  without  such ;  the  first  is  moi-e 
likel}"  to  occur  in  tlje  inJestinal  tract*  Hie  second  in  the  respiratoiy  jjas- 
$<a^.s  and  in  the  lungs;  yet  chenii<*al  substjiiices  may  also  find  tlieir  way 
into  the  lungs  with  bact<*ria,  and  bactciia  may  enter  the  intestinal  canal 
without  tlie  association  of  elu-micidlv  active  malerial. 

If  toxic  bacterial  products  enter  in  consideialtle  amotiot  into  the 
intestinal  canal  <n"  wounds  at  the  sitine  time  with  tin*  bacteria,  the  symp- 
lonis  of  an  intoxication  may  be  productni  without  an  iidectiou,  that  is. 
without  an  incn-iusi'  o(  \iw  bacteria  in  the  tissiu*  taking  jdace.  Tliis 
event  may  also  happen  wlieii  bacteria  producing  such  poistuts  develop  in 
the  contents  of  tJie  inlestine,  in  woun«l -secret ions  or  iu  necrotic  lung  tis- 
sne»  and  increiLse  there  as  Htipyopht^tfs.  Strictly  sjieaking,  we  cannot  ixv 
gju*d  this  UK  an  intection,  hut  must  look  iipcui  the  disease  so  ]>i'odnced  as 
an  intoxication;  but  it  is  not  always  pi^ssible  in  siu'h  cjtses  to  draw  a 
sharp  line  l>etween  au  intoxication  ami  an  iid'e(iioii,  since  bacteria  ojigi- 
mUly  developing  as  [)arasites  nol  infre^jiu'ntly  penetrate  into  the  tissues 
and  there  muiliply. 

Intestinal  intoxications  dependent  upon  bacterial  toxins  occur  es- 
I»eeially  when  meat  or  tiuids  in  a  comlilion  of  bacterial  decomi>t»sitiou 
have  lieen  eaten  as  fiMid.  Tt»  such  inh»xi(*ations  belong  a  large  propor- 
tiou  of  the  aflectiiins  designated  as  mtfd  ,  .^iftK.wfff'^  fi»fi-,  tmd  cA/vn/'  />f>/.vij/r 
iw/jr,  in  which  tin*  pois^ui  is  either  taken  as  such  into  the  intestinal  t^anal, 
or  first  formed  tliere.  Tiikewis*^  nmuy  vegef aides  in  a  (condition  of 
fermentation  ami  ilecmnjKisitiiui,  foi'  examide,  cal>bage,  peas,  b<nius, 
(Hirn,  rice,  etc.,  exert  a  harmful  intluetii'i^  ujton  the  intestine  or  upon  the 
entire  organism,  especially  when  they  have  been  i'^aten  in  large  amounts 
or  for  a  long  period  of  time,  ^'or  infrequently  there  occur  also  a<*ute 
pc:»ij»fitiiug8  of  the  Siime  kind. 

If  the  bacteria  which  have  entered  the  body  through  one  of  the 
above- mentioned  avenues  of  infection  are  iu  a  strict  sense  pathogeuic,  so 
that  they  give  ris*^  to  au  infection,  they  may  increase  tii^t  at  the  point 
of  entrance,  in  the  intestinal  mucous  iiiembrane,  iu  a  wmind,  in  the 
skin^  etc.  The  local  effects  of  their  growtli  are  ilcpendent  ju-imarily 
upon  the  iudividical  characteristics  of  the  bacteria,  as  well  as  uiM>n  tlie 
peculiarities  of  the  affei!t«»d  tissue.  In  general,  tlie  local  action  is  char- 
sicterized  by  tissue  degeue  rat  ions,  necrosis,  iutlanuuatious,  and  new-for- 
mation  of  tissue,  so  that  it  is  possible  iu  many  cases  to  determine  the  na- 
ture of  the  infection,  that  is,  the  species  of  bacteria  causing  the 
infection,  from  the  character  of  the  local  changes.  It  is,  however, 
difficult  or  impossilile  to  determine  in  every  ca^e  the  exact  uiode  of  ac- 
tion of  the  multiplying  bacteria;  iu  geuei*al»  it  may  be  siiid  that  the 
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processes  of  chemical  metamorphosis  excited  by  the  multiplication  of  the 
bacteria  produce  certain  changes  in  the  tissue-cells,  in  that  different  sub- 
stances of  active  chemical  nature  either  kill  the  cells,  or  at  least  induce 
degenerative  changes  in  them,  or  in  part  excite  increased  cell-activity. 
In  the  further  development  of  the  process  the  substances  derived  from 
dead  and  dissolving  bacteria  may  also  produce  effects  upon  the  surround- 
ing tissue.  In  a  certain  sense,  therefore,  there  occurs  through  the  local 
growth  of  bacteria  a  local  intoxicatian,  which  is  of  far  greater  significance 
than  the  vMhdrawal  of  nutritive  material  through  the  consumption  by  the 
bacteria  of  food  substances.  The  latter  is,  however,  not  wholly  without 
significance,  inasmuch  as  the  chemical  changes  produced  by  the  bac- 
teria in  the  tissue  juices  often  render  these  unfit  for  the  nourishment  of 
the  tissue-cells,  so  that  the  cells  suffer  even  when  no  poisonous  substances 
are  produced. 

The  participation  of  the  entire  organism  in  a  local  bacterial  infec- 
tion may  be  very  slight  or  wholly  absent,  so  that  the  disease  appears  as 
a  purely  local  affection  (tuberculosis).  In  other  cases  the  toxins  and 
toxalbumins  formed  in  the  local  focus  of  infection  are  absorbed  into  the 
body  fluids  (i.e.,  into  the  blood),  and  a  general  intoxication  (toxinwmm) 
is  produced ;  that  is,  poisonous  effects  ai*e  exerted  upon  the  nervous  sys- 
tem, sometimes  upon  the  blood  itself  and  upon  the  heart;  and  the 
poisons  thus  taken  into  the  body  may  produce  demonstrable  changes  in 
the  internal  organs,  particularly  in  the  excretory  glands,  at  times  also  in 
the  skin.  In  many  diseases  (tetanus,  typhoid  fever,  streptococcus  and 
staphylococcus  infection,  diphtheria)  the  symptoms  of  poisoning  are  es- 
pecially prominent. 

If  healing  does  not  take  place  in  the  primary  seat  of  infection,  the 
neighboring  tissues  may  be  involved  by  an  invasion  of  bacteria  by  con- 
tinuity. Very  often  the  bacteria  gain  entrance  to  the  lymph-vessels 
or  blood-channels  (bact^ynwmia),  and  in  this  way  are  transported  and 
spread  over  the  entire  body.  The  result  of  this  metastasis  of  bacteria  is 
the  production  of  a  lymphogenous  or  hematogenous  infection ;  that 
is,  secondary /oci  of  disease  identical  in  character  with  the  primary  seat  of 
infection  are  formed  at  a  distance  from  the  primary  focus.  In  certain 
diseases  (tuberculosis,  suppurations,  plague)  the  number  of  metastases 
is  usually  very  great,  so  that  many  parts  of  the  body  (lymph -glands, 
liver,  lung,  brain,  muscles,  bones,  kidneys,  etc.)  may  contain  diseased 
foci.  On  the  other  haud,i  in  other  infections  metastasis  of  bacteria 
from  the  original  focus  to  other  organs  does  not  occur  (tetanus,  diph- 
theria), or  the  transported  bacteria  cause  only  changes  of  a  milder  type 
(typhoid  fever). 

riie  entrance  of  bacteria  into  the  blood  leads  to  bactericemla.  Dur- 
ing the  transportation  of  bacteria  through  the  blood-vessels,  there  is 
usually  no  increase  of  the  bacteria  in  the  circulating  blood,  the  blood 
serving  only  as  a  vehicle  to  carry  the  bacteria  to  other  parts  of  the  body, 
multiplication  occurring  first  at  those  points  where  the  bacteria  have 
come  to  rest.  Kevertheiess,  in  certain  infections  (anthrax)  the  bacteria 
increase  enormously  in  the  circulating  blood,  and  in  this  way  may  cause 
damage  to  the  blood  itself.  Through  the  obstruction  of  small  blood-ves- 
sels by  the  multiplying  bacteria,  there  may  be  added  to  the  intoxication 
also  local  disturbances  of  circulation. 

The  metastasis  of  bacteria  or  toxic  substances,  or  both,  from  a  local- 
ized seat  of  infection,  and  the  production  thereby  of  secondary  foci  and 
symptoms  of  intoxication,  give  rise  to  the  condition  which  is  generally 


BACTERIAL   INFECTION.  37 

termed  sepsis.  According  to  the  predominant  symptoms  there  may  be 
distinguished  a  septceniia  or  septiecemia,  a  pycemia  and  a  lyinphangoUis, 
Through  the  combination  of  both  the  latter  with  septicsemia,  septicopyceniia 
is  produced.  Originally  the  designation  septicaemia  was  applied  to 
those  cases  in  which  a  localized  infection  was  associated  with  intoxication 
eaased  by  bacterial  poison  or  a  toxincemia  without  the  spread  of  bacteria 
through  the  body.  At  the  pre>sent  time,  according  to  the  precedent  set 
by  Koch,  Gaffky,  and  others,  septicaemia  is  used  to  designate  the  con- 
dition characterized  by  the  entrance  of  both  bacteria  and  their  poisons 
into  the  blood,  a  coincident  toxinwniia  and  haderiwinia  ;  indeed,  by  many 
authors  the  pure  intoxication  or  toxiniemia  is  separated  from  septiciemia. 
The  term  pyaemia,  originally  signifying  a  metastasis  of  pus  through 
the  blood,  is  at  presentJ  employed  to  designate  the  condition  in  which 
tlie  metastasis  of  bacteria  gives  rise  to  the  formation  of  metastatic  ab- 
scesses. 

In  septicopyemia  the  symptoms  of  toxinaemia  and  bacteriaemia  are 
combined  with  the  formation  of  metastatic  foci.  Lymphans^oitis  is  an 
inflammation  of  the  lymph-vessels  and  their  surroundings  caused  by  trans- 
ported bacteria. 

Sepsis  in  its  diflferent  forms  is  most  frequently  caused  by  the  true 
pyogenic  organisms j  staphylococais  pyogenes  aureus,  and  the  streptococcus 
pyogenes,  but  similar  conditions  also  occur  in  infection  with  the  pneu- 
mococcus,  gonococais,  typhoid  hadUuSy  colon  bacillus,  plague  baciUus,  etc. 

If  bacteria  are  deposited  secondarily  in  the  body-passages  which  are 
lined  with  mucous  membrane,  as  in  the  respiratory  or  urogenital  tract, 
they  may  multiply  within  these  tracts  and  produce  their  characteristic 
pathological  changes.  Likewise,  they  may  multiply  also  within  the 
large  body-cavities,  in  the  jieritoneal,  i)leural,  and  subarachnoid 
spaces.  In  the  case  of  an  infection  occurring  in  a  pregnant  woman, 
many  varieties  of  bacteria  (anthrax,  symptomatic  anthrax,  glanders, 
recurrent  fever,  typhoid,  pneumonia,  the  pyogenic  bacteria,  tubercu- 
losis) may  be  transmitted  to  the  tetus. 

The  description  given  above  of  the  course  of  an  infection  may  be 
taken  as  a  general  type,  and  many  infections  run  such  a  course  (typhoid, 
pviemia,  erysipelas,  plague,  diphtheria,  tetanus,  tuberculosis,  syphilis, 
leprosy,  glanders,  actinomycosis,  etc.);  but  there  are  also  many  devia- 
tions from  this  scheme.  In  the  first  place,  it  not  infrequently  happens 
that  in  an  infection  which  in  general  runs  a  typical  course,  the  primary 
seat  of  infection  is  not  demonstrable,  either  because  no  changes  occurred 
at  the  point  of  entrance,  or  the  changes  produced  have  since  disap- 
peared. Such  forms  of  infection  are  known  as  cryptogenic ;  they  may 
be  lymphogenous  or  hematogenous.  It  is  typical  of  many  infections 
that  tlie  primary  localization  of  the  cause  of  the  disease  is  not  recogniz- 
able, so  that  general  symptoms  occur  before  local  changes  are  demonMrable, 
and  the  tissue-changes  occurring  later  have  more  the  character  of  a  sec- 
ondary localization  of  the  poison  of  the  disease.  This  occurs  especially  in  a 
number  of  infectious  diseases,  the  causes  of  which  are  unknown  to  us ; 
for  example,  in  scarlet  fever,  smallpox,  and  measles;  yet  in  many  in- 
fections whose  causes  are  known  we  are  not  always  able  to  discover  at 
what  point  the  first  multiplication  of  the  bacteria  occurs.  Thus  we 
know  that  in  relapsing  fever  the  spirilla  are  found  in  the  blood  in  large 
numbers  at  the  time  of  the  fever,  but  the  place  of  their  multiplication  is 
unknown  to  U8. 
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Not  infrequently  a  secondary  infection  may  be  joined  to  one  already 
present.  In  many  cases  the  association  is  entirely  accidental,  in  other 
cases  the  anatomical  changes  produced  by  the  first  infection  cause  a 
local  predisposition  to  the  new  invasion.  To  the  first  group  would  be- 
long, for  instance,  a  croupous  pneumonia  occurring  in  an  individual 
suflfering  with  tuberculosis  of  the  kidney  or  bones ;  while  the  occurrence 
of  an  infection  with  cocci  causing  suppuration  and  septic  intoxication 
during  the  course  of  typhoid,  infiuenza,  diphtheria,  scarlet  fever,  dysen- 
tery, caseous  ulcerating  tuberculosis,  etc.,  may  be  regarded  as  due  to  the 
production  of  local  tissue-changes  favoring  the  entrance  of  bacteria. 
These  secondary  infections  usually  aggravate  the  suflferings  of  the  patient 
in  that  a  new  independent  disease  is  added  to  the  one  already  present ; 
but  it  may  also  happen  that  the  organisms  entering  secondarily  into  the 
body  grow  only  as  saprophytes  in  exudates  or  in  tissues  killed  by  the 
first  infection.  In  certain  infections,  as,  for  example,  in  many  forms  of 
purulent  processes,  the  tissues  may  contain,  even  at  an  early  stage,  two 
or  more  varieties  of  bacteria — a  mixed  infection  or  double  infection. 
The  associated  bacteria  can  persist  in  their  association  and  in  common 
excite  pathological  changes;  but  they  may  also  become  separated  from 
each  other,  in  that  one  microorganism  gains  a  wider  distribution  than 
the  other. 

It  has  been  known  for  many  years  that  during  decomposition  poisonous  substances 
are  formed.  As  eariy  as  1852  Beck  observed  that  ammonia  liydrothionate,  which  oc- 
curs in  pus  and  putrid  ichor,  possessed  septic  properties  when  injected  into  animals. 
Panum,  in  1863,  obtained  from  decomposing  material  a  putrid  poimii,  that  is,  a  body 
not  destroyed  by  boiling  and  evaporation,  whidi  possessed  an  action  similar  to  that 
of  snake-poison  and  the  vegetable  alkaloids  and  caused  in  dogs  salivation,  dilatation  of 
the  pupils,  diarrhcea,  fever,  and  severe  prostration.  Von  Bergmunn  and  Schmiedeberg 
obtained  from  decomposing  yeast  a  crystalline  body,  sepsin,  which  in  animals  produced 
the  symptoms  of  a  putrid  intoxication.  Senator,  Hiller,  and  Mikulicz  extracted  from 
decaying  tissue-masses  by  means  of  glycerin  a  substance  which  likewise  possessed  a 
septic  action.  Billroth  called  this  poisonous  substance  putrefactive  zymoid.  Selmi  en- 
deavored to  characterize  all  these  substances  more  minutely,  and  obtained  from  differ- 
ent constituents  of  cadavers  extracts,  partly  soluble  in  ether,  partly  in  water,  which  he 
recognized  as  fixed  bases  of  alkaloid  like  character,  and  which  he  designated  as 
cadaveric  alkaloids  or  ptomaiiiA.  Gautier,  Etard,  Zuelzer,  Sonnenschein,  Bechamp, 
Schmiedeberg,  JIarnaeJi,  t.  Nenekiy  Ottf/,  Angerer,  and  othets  also  found  in  decomposing 
tissues  similar  cadaveric  alkaloids,  which  in  experiments  upon  animals  were  partly  in- 
ert, and  partly  toxic,  produchig  in  the  latter  case  symptoms  of  poisoning  similar  to 
curare,  morphine,  and  atropine.  To  tv?w.  Nencki  (1876)  is  due  the  honor  of  being  the 
first  to  obtain  a  cadaveric  alkaloid  in  its  pure  form  and  to  establish  its  formula:  this 
was  accomplished  in  the  case  of  collidin,  obtained  from  decomposing  glue  and  albumin, 
its  platinum  salt  crystallizing  in  flat  needles.  Following  v,  Aeucki,  Etard,  Gavtier, 
and  Baumann,  and  espt^cially  Bneger,  have  studied  ptomaTns,  the  last  named  having 
obtained  a  large  number  of  them  in  a  pure  state  and  determined  their  physiological 
action.  For  instance,  Briegei'  obtained  from  fibrin  peptone  a  poison  (peptotoxin) 
which  in  animals  causes  symptoms  of  paralysis  and  ultimately  death.  From  decom- 
posing horse-flesh  he  extracted  three  substances  crystallizing  in  needles,  namely, 
neuridin,  neurin.  and  cholin,  the  second  of  which  is  markedly  poisonous,  and.  like 
muscarine,  causes  salivation,  disturbances  of  circulation  and  respiration,  crontraction  of 
the  pupils,  and  clonic  convulsions.  From  fish-flesh  he  obtained,  besides  neuridin,  three 
other  poisonous  bodies:  ethylendiamin,  a  substance  similar  in  its  action  to  muscarine, 
and  a  substance  called  gadinin.  From  decomposing  glue  and  cheese  he  obtained  the 
poison  neurin.  and  from  decomposed  yeast  dimethylamin. 

The  majority  of  ptomains  are  not  found  in  fresh  tissues,  and  it  is  therefore  very 
probable  that  thej'^  are  derived  from  the  splitting  of  chemical  combinations  present  in 
the  tissues.  Thus  it  is  probable  that  cholin  is  formed  from  the  splitting  of  lecithin, 
and  by  the  further  decomposition  of  cholin  the  poison  neurin  is  formed.  Cholin  and 
neuridin  are,  according  to  Hneger,  demonstrable  even  in  the  fresh  human  brain. 

After  the  poisonous  nature  of  part  of  the  ptomains  had  been  made  known  through 
the  researches  mentioned  above,  there  was  developed  the  hyjwthems  that  the  toxic  symp- 
toms observed  in  infectious  diseases  could  be  entirely,  or  in  a  great  measure,  ascribed 
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to  the  action  of  the  toxic  ptomal'ns.  Through  the  investigations  of  recent  years 
{RouXy  YersiUj  Buchnety  Brieger,  C.  Fraenkelj  Pfeiffer,  Ehrlich,lVa88ermann,  and  others) 
it  has  been  shown  that  besides  the  ptomains  there  occur  specific  bacterial  poisons, 
which  are  characteristic  for  the  given  bacterial  species.  These  were  first  regarded  as 
active  albumin  bodies  and  were  called  toxaibumins.  Brieger  and  Fraenkel  hold  the 
view^  that  they  are  formed  by  the  action  of  bacteria  from  the  albumins  of  the  body 
juices.  Btichner,  on  the  contrary,  believes  that  they  are  produced  by  the  bacterial  cell 
itself.  Investigations  on  the  poisons  formed  in  diphtheria,  tetanus,  cholera,  typhoid 
fever,  pneumonia,  and  tuberculosis  have  shown  that  the  so-called  toxaibumins  are  not 
albumin  bodies,  and  have  led  to  the  differentiation  of  dififerent  poisonous  substances 
as  given  in  the  text  above. 

The  toxins,  in  the  strict  sense,  may  be  compared,  according  to  their  origin,  ^\nth 
the  enzymes  formed  by  the  body  cells  (pepsin,  trypsin,  ptyalin)  which  produce  hydro- 
lytic  splitting.  On  the  other  hand,  the  endotoxins  clinging  to  the  cells  may  be  com- 
pared with  the  expressed  juice  of  yeast  known  as  zymSbe  (Buchmr),  which  is  able,  in 
the  same  way  as  the  living  protoplasm  of  the  yeast-cell,  to  excite  an  alcoholic  fermenta- 
tion in  fluids  containing  sugar.  Toxins  and  enzymes  are  mixed  with  albuminous 
substances  which  up  to  the  present  time  have  not  been  separated  from  them.  This 
explains  why  they  were  earlier  regarded  as  albuminous  bodies.  Brieger,  who  first 
characterised  the  toxic  substances  as  toxaibumins,  has  himself  prepared  toxins  that 
gave  no  albumin  reaction. 

According  to  the  views  of  Ehrlich,  only  those  substances  are  poisons  that  possess 
a  chemical  affinity  for  some  element  of  the  body  and  through  their  union  with  this 
cause  an  injurious  action  that  may  be  recognized  clinically  (toxophorous  affinity). 
A  toxin  or  haptin  is,  according  to  him,  a  poison  which  possesses  two  specific  atomic 
groups,  a  haptophore  group  which  permits  the  union  with  the  body  cells  through  the 
naptopharou^  group  of  the  latter,  and  a  toxophore  group  which  exerts  the  poisonous  action. 
If  in  any  poison  tne  specific  action  of  the  toxophore  group  is  lost,  while  the  haptophore 
group  remains,  there  arise  toxoids  or  non- poisonous  haptins  which  may  anchor 
themselves  to  the  body  cells  but  are  no  longer  poisons.  Finally,  there  occur  also 
primary  bacterial  products  (in  diphtheria),  the  toxons  (Ehrlich),  that  is,  poisons  which 
have  the  same  haptophore  group  as  toxins  but  a  less  active  toxophore  group. 

Since  the  intracellular  toxins,  the  endotoxins  (typhoid  bacilli,  cholera  spirilla,  B. 
pyocyaneus,  pus  cocci),  are  stored  up  in  the  bodies  of  the  bacteria,  the  bacterial  cell- 
substance  is  the  most  active.  In  old  cultures  the  poisons  pass  over  into  the  fluid,  but 
they  probably  no  longer  represent  the  primary  endotoxin,  but  a  modification  of  the  same. 

Cholera  spirilla,  typhoid  bacilli,  and  pneumococci  form  endotoxins,  which  on  the 
death  of  the  bacteria  are  in  part  set  free,  and  become  active  as  such,  or  act  in  a  modified 
form  at  the  same  time  with  the  bacteriai  proteins. 

Anthrax  and  tubercle  bacilli  probably  form  no  true  toxins,  but  contain  poisons  of 
another  kind  whose  action  is  combined  with  that  of  the  bacterial  proteins. 

The  importance  and  the  course  of  an  infection  depend,  therefore,  upon  the  char- 
acter of  the  cells  possessing  receptors  for  the  given  toxin.  In  tetanus  it  is  the  nerve- 
cell;  in  diphtheria  and  tuberculosis  the  connective-tissue  cell.  Diphtheria  poison  does 
not  injure  the  skin  of  the  mouse,  while  the  one-hundredth  or  one-thousandth  part  of 
the  same  dose  will  produce  tissue-necrosis  in  the  guinea-pig  (Ehrlich), 

Aggressins:  When  bacteria  are  grown  in  the  pleural  or  peritoneal  cavities,  in 
pleural  or  peritoneal  exudates,  blood-serum,  or  even  in  distilled  water,  there  is  formed 
a  substance  which,  when  the  non-toxic  sterilized  culture  fluid  is  inoculated  at  the 
same  time  with  a  sublethal  dose  of  the  bacteria,  neutralizes  the  protective  powers  of 
the  body  and  permits  the  growth  of  the  bacteria.  These  substances  have  been  called 
aggressins,  and  may  be  regarded  as  serving  the  bacterial  organism  in  the  same  way 
that  the  opsonins  protect  the  animal  body.     (Bail:  Arch,/,  nyg.,  1905.) 
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^  12.  The  pathos:enic  moulds  (eumycetes)  and  the  budding:  funs^i 

belong,  as  do  the  schizomycetes,  to  the  nou-chlorophyllaceous  thallo- 
phytes.  They  occur  in  the  human  organism  in  the  fonn  of  jointed  or 
non-jointed  and  sometimes  branching  threads  or  hijphce,  and  short  oval 
cells,  the  so-called  ronidkt.  The  eumycetes  may  be  divided  into  the 
nioulds,  the  fungus  of  thrush,  and  the  cutaneous  mould-fungi.  At  times 
they  form  fructification  organs  of  peculiar  structure.  The  single  cells 
are  much  larger  than  those  of  the  schizomycetes,  so  that  they  may  be 
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seen  with  lower  magnifyiug  power.  Outside  of  the  body  the  moulds  Ue- 
velop  as  velvety  films  of  diflferent  colors,  on  the  surface  of  many  organic 
substances  and  fluids,  from  the  carbon -compounds  and  salts  of  which  they 
derive  their  nourishment.  The  yeast-fangi  are  found  chiefly  in  fluids  con- 
taining sugar,  and  are  the  cause  of  the  alcoholic  fermentation  of  the  same. 

The  spores  or  conidia,  which  represent  resistant  reproductive  cells, 
are  for  the  greater  i>art  formed  in  si)ecial  organs  of  fructification,  but  may 
also  l>e  developed  by  a  silnple  process  of  constriction  of  the  ends  of  the 
hyph»,  and  pass  into  the  air  from  the  surface  of  the  mould-film,  and 
may  be  widely  scattered  by  the  air-currents.  Likewise,  yeast-cells  may 
l>e  carried  about  in  the  air,  in  the  case  of  the  evaporation  of  a  fermenting 
fluid  and  the  convereion  of  its  residue  into  dust. 

The  moulds  inay^  as  do  the  bacteria,  produce  poisonous  substances  in  the 
nutntice  media  in  which  they  multiply,  usually  first  outside  of  the  human 
body,  and  when  these  are  taken  in  with  the  food  symptoms  of  intoxica- 
tion are  produced.  For  example,  the  chronic  disease,  known  a&  pellagra 
or  maidism,  which  occui*s  particularly  in  Italy,  Spain,  southwestern  por- 
tion of  France,  and  Roumania,  and  is  characterized  by  gastrointestinal 
disturbances,  changes  in  the  skin,  spinal  and  cerebral  functional  disturb- 
ances, and  genenil  marasmus,  is,  according  to  the  view  of  many  writers, 
the  result  of  the  eating  of  corn  which  has  been  spoiled  through  the 
growth  of  Aspergillus  fumigatus  and  flavescens  or'  Fenicillium  glaucum. 
According  to  Ceni  the  active  i)oisonous  substances  are  produced  in  the 
spores  of  the  fungi. 

As  parasitic  agents  causing  disease  the  moulds  and  the  yeasts  cause 
only  local  infections  characterized  by  tissue  degeneration  and  inflamma- 
tion. 

The  moulds  develop  in  regions  accessible  from  without,  in  the  skin, 
the  ear,  mouth  cavity,  lungs,  etc.  They  usually  occur  first  Jis  sjipro- 
phytes  in  cerumen,  necrotic  lung  tissue,  etc.,  but  they  may  also  pene- 
trate into  living  tissue. 

The  thnish  fungus  occurs  chiefly  in  the  epithelium  of  the  upper  layer 
of  the  mucossi  of  the  alimentary  tract,  but  often  penetrates  into  the  con- 
nective tissue  and  causes  inflammation.  Hsematogenous  metastasis  is 
rare. 

The  cutaneous  moulds  multiply  in  the  epithelium  of  the  skin  and  cause 
inflammation  (favus,  herpes  tonsurans,  pityriasis  versicolor,  erythrasma). 

The  yeast  fungi  develop  most  frequently  in  the  stomach,  particularly 
after  the  eating  of  fermenting  fruit  juices.  In  cases  of  glycosuria  they 
may  multiply  in  the  urinary  bladder  and  excite  there  a  fermentation. 
Within  the  tissues  they  develop  only  mrely,  and  cause  there  local  inflam- 
mations of  varj-ing  character. 

Yeast-like  budding  fungi  occur  also  in  a  granulomatous  and  suppurative  process 
affecting  the  skin  and  internal  organs  (blastoniycetic  dermatitis,  blastomycosis,  sac- 
charomycosis,  cocddijoidal  granuloma,  etc.).  The  majority  of  the  cases  have  oc- 
curred in  America.  The  parasites  involved  cannot  at  present  be  definitely  classified. 
By  some  writers  (Ricketts)  they  are  believed  to  belong  to  the  genus  Oidium  {oidiomy- 
c/tsis).  Blastomycetes  are  supposed  to  be  the  cause  of  a  peculiar  suppurative  disease 
in  horses. 
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§  13.  The  production  of  disease  by  animal  parasites  is  most  fre- 
quently brought  about  by  the  introduction  of  mature  parasites,  larvae, 
or  eggs  into  the  intestinal  tract  through  the  medium  of  the  food  and 
drink  or  by  unclean  fingers.  This  is  particularly  true  of  those  parasites 
whose  habitat  is  in  the  intestine  or  the  tissues  located  within  the  body ; 
such  parasites  are  accordingly  designated  as  Entozoa,  Parasites  living 
in  the  outer  tissues,  as  the  skin,  are  termed  Epizoa;  they  remain  either 
on  the  surface  of  the  skin  or  penetrate  into  the  same  from  without. 
The  passage  of  parasites  from  the  intestine  into  the  internal  tissues  and 
the  changes  thereby  produced  constitute  the  condition  which  is  usually 
called,  after  the  designation  first  used  by  Heller,  an  invasion-disease. 
The  animal  parasites  for  the  greater  part  produce  only  local  changes, 
but  they  can  also  cause  symptoms  of  a  general  disease,  particularly  when 
the  parasites  increase  in  the  body  and  are  present  in  great  numbers  in 
the  blood  or  certain  tissues,  or  when  they  produce  toxic  substances. 

The  parasitic  protozoa  are  partly  harmless  parasites,  which  develop 
in  the  secretions  of  the  mucous  membranes  without  causing  pathological 
changes.  Other  forms,  on  the  contrary,  can  penetrate  into  the  living 
tissues,  increase  inside  of  cells,  and  give  rise  to  local  morbid  changes, 
characterized  chiefly  by  peculiar  new-formations  of  tissue  (coccidia-dis- 
ease  of  the  rabbit's  liver,  epithelioma  contagiosum).  Certain  forms, 
which  are  probably  to  be  classed  as  Sporozoa,  increase  in  the  blood,  as 
inhabitants  and  destroyers  of  the  red  blood  cells,  and  are  the  cause  of 
the  infectious  disease  known  as  malaria.  Others  still  (trypanosomata) 
inhabit  the  blood-plasma.  It  is  not  impossible  that  other  infectious  dis- 
eases, for  example,  small -pox,  are  caused  by  parasites  belonging  to  the 
Protozoa. 

The  parasitic  worms  {I^ematodeSj  CentodeSj  Trematodes)  occur  in  man, 
partly  in  the  adult  and  fully  developed  sexual  state,  and  partly  in  the 
larval  state.  In  the  first  case  they  are  for  the  greater  part  intestinal 
parasites,  which  obtain  nourishment  from  the  intestinal  contents,  rarely 
sucking  the  blood  from  the  intestinal  mucosa.  Fully  developed  worms 
are  also  found  ih  other  regions,  as  ii!  the  blood-  and  lymph-vessels,  bile 
passages,  lung,  pelvis  of  the  kidney,  and  in  the  skin.  The  eggs  or  fully 
developed  larvae  produced  in  the  body  by  panisitic  worms  are  either  east 
out  with  the  dejecta  or,  through  active  wandering  or  metastasis  through 
the  blood  or  lymph,  finally  reach  other  organs  of  the  body,  where  they 
pass  the  first  stage  of  their  development.     Here  they  remain,  however. 


INFECTION    BY    ANIMAL    PARASITKaS. 


43 


ill  a  hirviU  ounditinii,  mid  tlo  nnl  i-eacli  sexual  mahirity.  The  larva*  are 
eapahle  of  fiirlhtT  df^velojjmiMjt  only  avIh^u  thry  liavi^  imeii  laken  into  a 
new  host»  or  have  ht'pii  li^iin  eaten  hy  tlie  sarm*  host. 

The  worms  wliieh  reaeli  their  st^xnjil  niiilnrity  in  tlie  human  iKxly  are 
taken  in  as  larva*  throngh  the  food  and  drink.  Their  lirst  sta^^e  tif  tie- 
velopmeDt  Ib  pp^sed  iu  the  great  majority  of  €aiw\s  in  animals  whose  flesh 
is  used  for  food ;  in  other  casen  in  eertain  of  tlie  lower  animals  not  used 
as  foml.  Others  de\elop  iu  water  or  dami>  earth  or  even  in  the  human 
intestine,  so  that  the  embryos  or  eg^s,  whieh  i)ass  ot!"  witli  the  dejeeta, 
deveh>p  at  once  in  case  they  are  agiiin  introduced  into  the  intestinal 
tract  of  uiau. 

The  worms  which  occur  in  man  only  iuthe  larval  condition  (hydatids) 
develoi>  from  eggs  which  have  come  from  sexually  mature  worms,  which 
inhabit  different  animals.  They  are  taken  into  the  intestinal  tract  usu- 
ally in  the  food  or  drink,  but  under  special  conditions  eggs  capable  of 
development  ma^^  bo  contained  in  the  dust  of  the  {lir,  and,  being  inhaled 
and  finally  reaching  the  intestinal  tract,  conqdete  the  lirst  stage  of  de- 
Telopment* 

The  intestinal  parasites  for  the  greater  part  prcKluce  only  slight  dis- 
turbances, thotigh  they  may  cause  mechanical  irritation  of  the  intestine* 
The  preseuce  of  bloodsucking  worms  in  large  imiul>ers  (Aiichtflontoma 
thtodetuilr)  can  cause  anicmia,  Hnnw  also  ju'odnee  poison  [Bofhrioreph' 
(thtft)^  Tlujse  parasites  whicli  enter  the  tissues  uniy  cause  in  their  vicinity 
mild  intianiumtiiui  and  proliferation  of  tissue,  which  may  produce  more 
marked  elinical  symptoms  when  the  rMimber  of  the  parasit(»s  ifrHtina- 
hirnv)  in  the  tissues  is  very  great,  Dihers  ai^  of  pathuhigical  impor- 
tance.  in  that  the>'  reaeli  a  largi*  sizi^  {tt'hintH'ttmfs  etfMh)  and  thereby 
ci*owd  iLside  aiiil  compress  the  neighboring  strnetures. 

Otherwise  their  patiiogeuic  signiticanre  depends  essentially  upon  their 
location.  A  x>anisite  situated  in  Ihe  nruscles  or  snl>cntanetius  lissur*  may 
cause  ver^'  slight  symptoms,  while  one  in  the  eye.  medulla  oblongata, 
heart,  or  blood -vessels  umy  cause  severe  disturbances,  and  under  certain 
conditions  death. 

The  parasitic  arthropoda  (Amvhuida  and  JnHevls)  c^ome  to  the  human 
body  partly  from  the  outer  world,  jyartly  from  intY^cted  animals,  and 
partly  from  infected  hnmau  beings.  They  belong  almost  wlu>lly  to  the 
Kpizoa,  which  have  their  halutat  in  and  upon  the  skin  and  aceessilile 
mucous  membranes  (lice,  liedbugs,  lleas,  mites)  or  only  occasional iy  take 
their  nourishment  fi-om  the  skin  (gnats,  gad-flies,  flies),  a  few^  multiply 
either  in  the  skin  (itch-mite)  or  nifon  its  surface  \  lice).  Flies  antl  gad* 
iliea  occasionally  lay  tlieir  eggs  ujjon  the  mucous  nu/uibranes  or  surfaces 
of  wounds,  and  fnuu  the  eggs  so  laid  larvje  may  develop.  The  larva  of 
an  anurhnoid  (PpitUifitouut  dejitirfihttufn)  is  alone  found  iu  tht^  inti^rual 
organs.  In  so  far  as  these  parasites  i>eneti"ate*  inlo  lln*  tissues,  they  cause 
irritation  and  intlamm^dion;  the  bite  of  insects  that  sn4'k  Idood  is  also 
followed  by  an  inltammation  in  the  iieighborJiood  of  tin*  pnuftiire. 

Attention  has  receiitly  In^en  directed  to  tlie  possibility  that  mos- 
qnitos,  stinging  flies,  gad  flies,  Ix^d  Itngs,  lice,  etc.,  nniy  In*  the  conveyers 
of  an  infection,  in  that  liafteria  t>r  pr(itoz*ta  may  by  fliam'e  bt^  attached 
Jo  their  liiKlies,  (»r  that  in  the  act  of  sut^king  bliMnl  r»f  an  infected  man  or 
nmal  they  may  take  np  into  tlu^ir  bodies  either  bacteria  or  protozoa 
^and  later  convey  them  to  other  individuals.  So  far  as  exi>erience  goes, 
the  danger  of  such  convey al  is  not  vei\v  great  in  the  cas**  of  the  umjority 
of  the  infectious  disea84\s  since  the  bacteria  thus  taken  up  die  after  a 
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time ;  yet  it  is  probable  that  such  conveyal  does  take  place,  as,  for  ex- 
ample, in  plague,  iufection  with  pus-cocci,  and  anthrax.  This  method 
of  conveyal  is  of  chief  importance  in  malaria,  in  that  the  plasmodia  tsken 
from  the  blood  of  infected  individuals  by  mosquitoes  (anopheles)  undergo 
further  development  in  the  body  of  the  mosquito  and  produce  a  new  generationy 
which  through  the  bite  of  the  mosquito  is  transferred  to  another  individual,  so 
that  the  spread  of  malaria  is  accomplished  through  mosquitos.  Similar 
conditions  exist  also  in  the  case  of  the  tsetse-fly  disease  and  Texas  fever 
of  cattle,  the  latter  being  conveyed  by  ticks.  Further,  it  is  claimed  by 
Manson,  Sonsiuo,  and  others  that  the  infection  of  man  with  the  filaria  is 
also  brought  about  through  the  agency  of  mosquitos. 

Of  the  parasitic  protozoa  there  should  be  mentioned  also  the  Amosha  dyaenterice, 
the  cause  of  one  form  of  dysentery  in  man;  the  Trypanosoma  evansi,  the  cause  of 
surra;  Tr.  brucei,  the  cause  of  the  tsetse-fly  disease  or  nagana;  Tr.  gambiense  the 
etiological  agent  in  human  trypanosomiasis  or  sleeping-sickness;  and  the  Trichomonas 
as  a  probable  causal  agent  in  catarrhal  conditions  of  intestine  or  genito-urinanr  tract. 
Supposed  protozoan  parasites  have  also  been  described  as  the  causal  factors  of  small- 
pox, scarlatina,  tick-fever  in  man.  rabies,  syphilis,  tumors,  etc.,  but  convincing  proofs 
are  not  yet  at  hand.  A  protozoal  origin  is  also  assumed  by  some  writers  for  yellow- 
fever,  partly  because  of  the  fact  that  the  causal  agent  of  this  disease  is  conveyed  by  a 
mosquito,  Stegomyia  fasciata  {Reed  and  Carroll), 
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II.  Congenital  and  Inheritable  Anlage  of  Disease. 

1.    Immunity,  Predisposition,  and  Idiosyncrasy, 

§  14.  Toward  the  injui-ious  agents  capable  of  producing  disease  differ- 
ent individuals  show  very  ditt'eient  powei-sof  resistance,  and  sucli  differ- 
ences are  exhibited  particularly  in  tlie  case  of  the  infectious  diseases  and 
many  poisons.  When  an  individual  is  not  susceptible  to  a  j^iven  infec- 
tion or  poison,  the  property  thus  manifested  is  desi|2:nated  as  immunity 
and  as  insmceptibilify  to  poison;  but  if  an  individual  is  cjisily  infected  by 
a  pathogenic  inicrooiganisni,  we  assume  that  he  possesses  a  predisposition 
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to  the  given  disease.  If  influences  of  any  kind  having  no  effect  on  ordi- 
nary individuals  are  able  to  throw  certain  persons  into  a  pathological 
condition,  this  phenomenon  is  explained  through  the  assumption  of  an 
extraordinary  sensitiveness,  an  idio»yncrcusy. 

Immunity  and  pr€di»po»Uian  represent  the  opposite  behaviors  of  an 
organism  toward  external  injurious  agents,  but  at  the  same  time  they 
cannot  be  sharply  separated  from  eacli  other.  In  very  many  cases  the 
immunity  is  not  absolute  but  only  relative,  so  that  the  individual  con- 
cerned may  be  made  ill  through  a  given  harmful  agent,  for  example,  a 
pathogenic  microorganism  or  a  poison,  when  the  agent  acts  in  its  char- 
jicteristic  manner  and  strength.  On  the  other  hand,  the  predisposition 
to  a  disease  may  be  but  slight,  so  that  the  latter  occuns  only  under  es- 
pecial conditions. 

An  absolute  immuniJty  or  imusceptibUity  is  possessed  by  man  against 
many  of  the  microorganisms  pathogenic  for  animals,  for  example,  the 
Iracteria  of  swine  plague,  swine  erysipelas,  and  symptomatic  anthrax, 
and  this  may  rest  upon  the  fact  that  the  character  of  his  tissue  and  tissue 
juices  does  not  admit  a  localization  and  multiplication  of  the  given  bac- 
teria, or  that  the  poisons  produced  by  the  latter  are  not  poisonous  for  man. 

The  human  race  is  very  susceptible  to  smallpox,  vaccinia,  measles,  and 
influenza,  so  that  the  great  majority  of  human  individuals  in  the  coui^se 
of  life  acquire  these  disejLses.  In  the  case  of  other  diseas(\s,  as  scarlet 
fever,  pneumonia,  typhoid  fever,  diphtheria,  the  susceptibility  seems  much 
less,  but  it  is  not  possible  to  determine  exactly  to  what  extent  the  greater 
nirity  of  these  diseases  is  dependent  upon  the  fact  that  the  individuals 
not  affected  are  not  exx)Osed  to  the  infection. 

In  the  cjise  of  many  infectious  diseases,  there  is  a  greater  suscepti- 
bility show'n  in  childhood  than  in  old  age;  as,  for  example,  diphtheria, 
whooping-cough,  and  scarlet  fever.  Further,  there  are  also  variations 
in  the  degree  of  susceptibility  at  different  times,  as,  for  example,  an  in- 
dividual may  be  exposed  at  certain  times  to  measles  without  becoming 
infected,  while  at  other  times  under  similar  conditions  he  may  contract 
the  disease. 

In  the  case  of  many  pathogenic  organisms  there  appears  to  be  neces- 
sary for  the  entrance  of  infection  a  certain /aroWw^  condition  or  temporary 
increase  of  susceptibility.  As  evidence  of  this  may  be  taken  the  fact  that 
in  the  human  alimentary  cjinal,  especially  in  the  mouth  and  throat, 
as  well  as  in  the  respiratory  tract,  pathogenic  organisms  (streptococci, 
staphylococci,  pneumococci,  tubercle  bacilli)  may  be  present  without  the 
occurrence  of  an  infection.  It  may  also  happen  that  cholera  spirilla 
may  increase  abundantly  in  the  intestine  without  causing  marked  symp- 
toms. 

Such  occurrences  may  be  explained  in  part  by  a  decrease  or  loss  of 
virulence  on  the  part  of  such  bacteria,  but  this  explanation  cannot  be 
applied  to  all  cases.  In  many  instances  it  must  be  assumed  that  the 
harmlessness  of  the  bacteria  is  due  to  the  ability  of  the  tissues  to  hinder 
their  entrance  into  the  deeper  parts.  In  some  citses  this  may  depend 
nxK)n  the  structure  and  organization  of  the  tissue,  in  other  cases  chemical 
substances  may  have  a  determining  influence  (see  §  29).  In  favor  of  the 
first  assumption  lies  the  fact  that  tissue-lesions,  which  permit  of  the 
entrance  of  bacteria,  bring  about  an  infection.  A  wound^  therefore, 
in  whatever  toay  produced^  farms  a  local  predisposition,  and  the  disease, 
in  such  cases,  bears  the  character  of  a  wound-infection.  Infections 
caused  by  pus-cocci,  tubercle  bacilli,  tetanus  bacilli,  glanders,  and  an- 
thrax bacilli  are  often  of  this  character. 
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Other  caiisi^s  leadiii^  to  1111  i nc reused  pretlispi>sit km  to  iiifeelion  are 
less  eiiRily  rec^fi^tiizetl.  If  uin»eiirs  I  hid  severe  rftiffhif/,  **fttkiittf  of  coitl/'  or 
hnnf/rr  may  huve  tins  eiVeet  ;  ulsii  rhtffifffs  hi  thr  fismfH  due  to  prreMing 
ifi/rrtttHts  or  notiliiJifitonH  fontf  or  ffrttt'rtff  dhsesffirn  (see  ^  11,  Set^uidary 
Iideelifms  ).  In  tlie  easi*  of  iidestiiial  iiifeeliHus  ( !Y|ih<>id,  ehuleia ),  t^ftsho- 
ud('.stift(tt  diHtHthttni-fH,  (tiruiuisijed  aeidity  <d'  the  storiiueh  eniileiits,  over- 
hading  of  the  intestines,  retention  of  the  eonteids,  etc.,  play  an  iinpor- 
t;int  role.  Xot  infreqneidly  it  is  iinpossihle  to  deterndne  what  eauses 
have  favored  the  pruduetioii  of  an  rnfeetion  at  a  given  tiiae. 

Special  predisposition  or  special  lessened  resistance  of  the  organ- 
ism is  also  ni>t  infre<iueidly  shown  t*i  other  injiirioas  ajj^eiits  tluiu  those 
of  infeeti*ius  oat  are.  Certain  individuals  are  less  ahle  than  otliera  to 
stand  external  hi^h  tenijM^nd iires,  partienhirly  if  at  the  same  time  Ijodily 
hibor  is  performed.  Of  the  soldiers  on  a  inareh  only  a  fnietion  may 
HutTer  from  Leat-stroke»  although  all  are  under  the  name  conditions.  The 
altitiKle  at  whieh  different  imiividiials,  diirini^  monntain  aseentsaiid  bal- 
loon A'oyages^  lK*eonje  sensible  of  the  iletieieney  of  oxygen,  varies  greatly. 
The  eiiVels  of  ehlorofonn  ana*sthesia  dit!'er  greatly  in  ditTerent  individ- 
uals. Many  persons  lM*eome  exiiansled  thriKigh  physieal  or  mental  ia- 
lK»r  at  a  time  wlien  in  cither  indiviiluals,  nnder  like  eonditions,  \m  tmee 
*d"  sneh  exhaustion  is  diseovei'alile;  and  sneh  inthienees  Mpt^rating  daily 
nj»(ni  a  l)rain,  in  eases  id'  especial  i)redisp<isition,  may  lead  to  diseased 
eontlitions. 

Occasionally  certaiJi  individuals  nht^w  a  S44isitiveness  toward  particu- 
lar external  inHnenees,  %vhieh  is  wholly  anomalous  to  that  usually  ob- 
served, so  that  symptoms  of  diseti^^e  may  be  caused  by  infiuenees  which 
ordinarily  do  not  aJTeet  the  nmjoi'ity  of  mankind.  Sucli  a  i>eeuliar  fien* 
sitiveness  is  designated  idiosyncrasy*  It  is  exhibited  partienhirly  iu 
reference  to  certain  chemical  snbstan<*es,  in  tliat  t-ertain  articles  of  food 
or  drink  regarded  as  harndess  act  nixui  such  persons  as  poisons.  The 
eating  id'  fresh  fruit  or  sugar  ur  s^iiad  produces,  iji  certain  individiuds, 
nausea  and  vtuniting.  Others  have  an  aversion  to  partaking  of  dishes 
prepared  fiMm  liver  fir  kidneys,  and  b*»come  ill  if  they  overcome  this 
aversion  and  eat  these  foods.  Othc^rs  still,  after  eating  cniwlish,  lobster, 
Btrawl>ei'ries,  raspberries,  monds,  or  asparagus,  are  aifected  with  lU'ti- 
caria,  a  distnise  characterized  by  an  eruption  of  itching  wheals,  colic,  and 
voudting.  i^ot  a  few  persons  are  unable  to  drink  boiled  milk  without 
unpleasant  results  therefrom.  Alcohol,  ex^n  in  very  small  dosc^s,  may 
in  4'ertain  individuals  cause  marked  excitation,  or  narcosis,  or  remarka- 
ble disturbances  of  t\w  va>weinotor  system.  The  drinking  of  cocoa  may 
cause  cardialgia  and  dys]>eptic  symptoms.  Moses  of  morphine  or  chloro- 
form, wtiich  are  borne  by  the  majority  of  mankind  without  injury,  may 
c*iuse  iu  certain  individuals  severe  symptoms  or  even  death.  Some  in- 
dividuals show  a  high  degree  of  s^^iisitiveness,  on  the  i^art  of  the  mucous 
membranes  of  the  respiratory  tract,  to  the  piiUen  of  certain  grasses,  so 
that  during  the  time  of  the  haydiarvest  the  inhalation  of  the  imHen 
which  is  widesprejnl  through  the  air  gives  rist*  to  a  catarrhal  condition 
of  the  nose  and  c^mjunctiva,  often  of  the  larynx,  trachea,  and  bronchi, 
which  in  severe  cilm'S  may  1m^  associated  with  susthma  and  fever.  These 
conditions  are  known  as  h4fif  fprer,  hfiffftfithmft,  or  as  pollen -diseases. 
According  to  the  investigationsot  Dunbar,  the  f»ollen  ci^ntains a  substance 
that  may  b**  *^xtra*'ted,  and,  when  injci'led  subcrdancously  into  those  dis- 
po:x*d  to  this  disense,  causes  the  characteristic  symptoms  fd' intoxication, 
bisinfecting  tbdcls,   corrosive    sublimate  or   carbolic  acid,   in  solutions 
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which  am^  onlinarily  boine  wiHiout  iliscinufort,  inuy,  when  applied  ti> 
tht^  skin  lit"  eerlniu  in*liviiiuais,  ranse  iu»t  unly  loral  tlistni  bailees  of  sen 
sat  ion  and  iiiliainnuititHi,  Imt  unth-r  eertain    eoiidilions  may  excite   an 
ef^zenia  (hat  spreads  4*ver  a  hir^^e  part  of  the  body. 

On  what  the  peeuiiar  idiosynerasy  in  indi vicinal  eases  depeuds  is  not 
deiir.  Ill  many  easi^s  an  especial  exeitabUity  of  tlie  iiervons  system  or 
of  certain  parts  of  the  sjnne  may  l>e  re^j^iirded  jls  the  eaost^  of  the  plienom 
eiioii.  In  H*e  rasi*  of  an  idiosynerasy  toward  ehe^mieally  aelive  siii*- 
sUinees,  it  may  bt»  axsnmrd  that  tlir  atTeeted  eell  ijroloplasm  eonlains 
Htomie  groups  wbidi  eombiae  with  the  given  siibstauee. 

The  ^r^at  irripnrtftnce  f*f  t lie  part  phiyed  by  natural  ureflispoeition  nml  immnnity 
in  tt»e  orijfin  of  infectious  disease.^  bus  not  onlv  been  minle  evidt'iit  by  the  study  of  the 
spre^il  nf  epiiietiiics  ainorji;  men  iiod  linimals,  but  has  received  idao  ahnmhinl  ctitilinTin- 
tion  t>y  numerous  experimental  invest i^jiti on s^  I  ft  for  i*xuniple.  a  iiiixture  of  ditTercnt 
bacteria  be  injected  into  an  uninuil,  only  a  part  of  these  will  develop  and  protluce  tissne- 
chHn«fes;  the  others  die.  If  the  same  mixture  tje  injected  into  an  anrirtjil  of  a  diffennU 
speries,  the  tmcteria  which  develEi[t  are  not  the  HMoie  a^  those  in  the  first  C4i«e.  Further, 
a  eertjiin  form  of  Imcteriu,  which  when  inocnlrtted  into  a  certain  species  of  nKm,s<*  in- 
variably c^iuses*  death,  may,  when  inoculateii  into  another  mouse  of  different  .Hpecies, 
l:>e  without  effect.  Mice  are  vt^ry  sujsceptibk*  to  anthrax,  ratn  are  nearly  inmntrnv  The 
poison  of  the  sc>calh»<l  septicicniia  of  rabbits  kills  with  absnkite  certainty  rabbits  and 
mice;  jeruinea-piifs  and  rats  are  innnime  to  it,  while  sparrows  and  pigeons  are  .suscepti- 
ble. The  spinlia  of  n^lapsing  fever  nmy  Ite  successfully  inoculated  only  into  ajses. 
Gonorrha»a.  sj'philis.  and  leprosy  cannot  be  successfully  inoculated  into  any  of  the 
lower  animals  witli  the  exception  of  apes. 

In  the  case  of  a  miturul  tifitikixnr  immunity  the  toxins  that  may  enter  the  organiam 
mnv  remain  as  perfectly  hannless  material  in  the  body,  and  only  relatively  late  ane 
spht  lip  in  the  process  of  metabohsni.  In  such  cas«'s  the  avidity  hetww*n  the  toxin 
and  the  body  cells,  their  receptors  respectively,  may  he  entirely  wanting  or  ver^"  slight. 
When  not  entirely  wanting,  an  increase  of  the  dose  may  produce  intoxication.  An 
immunity  against  small  doses  may  arise  through  the  anchoring?  of  the  poison  (for  ex- 
ample, tetanus  poison )  to  tissue  elements  whosi^  changes  tlo  not  profluce  symptoms  of 
disease;   or  antitoxins  may  be  present  which  render  the  toxins  inert. 

The  esfjeciai  iii^eases  to  which  the  new-born  so  frequently  snccuml*  are,  aside  from 
the  c<»nditions  aDiuired  during  inlra-uterine  life,  dependent  partly  upon  a  pathological 
weakness  of  the  entire  organism  (especially  in  ciise  of  prr^inature  birth),  and  partly  upon 
the  s»irrounding  conditions.  Asphyxia,  whicft  is  of  such  fre<|uent  occurrence,  may 
arise  either  as  the  result  of  bodily  weakness  or  of  (mtholo^iciil  nifiucnces  exerted  dur* 
ing  delivery.  Infectious  diseases  may  be  acouircil  Through  the  stump  of  the  cord  or 
through  the  accessible  noicous  memhnoies  and  re.spiratory  tract  during  birth.  Haemor- 
rhages are  dependent  partly  upon  traumatic  influences  exerted  during  birth,  partly 
upon  disturbarces  of  circulation  and  ujjon  infections. 

Nurslings  and  als*j  alder  children  are  jrmre  susrtptiblf  to  mauf/  infedum^  ihati 
adults;  particularly  so  in  (he  case  of  whoop ing-congh,  diphtheria,  measles,  scarlet 
fever,  and  tuberculosis.  In  (he  intestine  of  nursing  mfants,  bacilli,  tubercle  bacilli  in 
piirtieular,  are  ver>'  easily  taken  up  into  the  lymj>h- vessels;  the  skui  of  infants  also 
offers  le-*s  resistance  to  the  entrance  of  pus-cocci  than  that  of  older  individuals.  Young 
dogs  may  be  easily  infectf*^!  with  atithrax  while  u|il  ones  camiot.  \i\  this  connection  it 
should  be  noteiJ  that  the  slight  susceptiluhty  or  tlie  inununity  of  many  adults  is  de- 
pendent upon  the  fact  that  they  owe  their  inmi unity  to  attacks  of  such  diseases  during 
cbildhoo^i.  Further,  it  should  he  remarked  (hat  chlltlren  are  mure  exf*os<*tJ  to  certain 
infections,  for  instance,  tuberculosis,  than  are  adtilts. 

In  l4ii€r  life  haemorrhages,  softening  ni  the  l>rain*  ccirdiac  degenerations,  cancerous 
growths,  and  the  formation  of  gtilbstones  are  r»f  especially  freipient  occurrence.  The 
disease  of  the  arteries  known  as  arteriosclerosis,  and  also  gout,  may  apt»ear  even  jn  the 
late  years  of  midtlle  life,  l*he  predififmMtioTt  in  old  age  to  rt^rtain  tiinf'a«f»  ilepends  in 
part  upon  degenerative  processes,  associate<l  with  premature  sr^nijity  of  tlie  tissues;  in 
part  also  upon  the  fact  thfit  certain  mfli  ences,  which  itie  years  bring  with  them,  grad- 
ually accumulate,  so  tlmt  finally  the  changes  which  they  produce  become  so  prominent 
that  they  lead  lo  functional  rbsturliances,  and  thereby  to  reeognizaide  inorbkl  conrli- 
tjons.  Moreover,  it  is  to  be  remarked  that  many  pathological  symptoms  of  old  age 
am  secondary  diaeases.  which  l>eeome  apparent  only  after  other  tissue-changes  have 
reached  a  certain  tlegree,  JVir  examide,  senile  Inemorrhages.  senile  gangrene,  degenera- 
tions of  the  lirain  and  heart  are  ilependent  ujjon  disease- processes  occurring  in  the 
arteries. 
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The  prediapoaUion  of  the  sexes  to  certain  diseases  depends,  in  the  first  place,  upon 
the  especial  structure  and  function  of  the  sexual  apparatus.  The  conditions  of  preg- 
nancy and  the  puerperium  offer  an  especially  favorable  field  for  many  diseases,  as,  for 
example,  for  infection  through  wounds.  Moreover,  different  relations  of  the  sexes  to 
many  diseases  may  be  explamed  by  differences  in  the  modes  of  labor  and  in  the  habits 
of  living  of  the  two  sexes. 

Differences  of  predisposition  of  different  races  are  shown  particularly  in  regard  to 
malaria  and  dysentery,  toward  which  the  negro  in  general  shows  less  susceptibility 
than  the  European.  Malarial  parasites  may  be  present  in  the  blood  of  the  former 
without  giving  rise  to  symptoms  of  disease. 

Literature. 

{Predisposition  and  Immunity.) 

Bourcy:  Predisposition  et  immunity.     Pathol,  g^n..  i.,  Pari^,  1895. 

Charcot:   Lemons  sur  les  maladies  des  vieillards,  1868. 

Dunbar:    Zur  Ursache  u.  Heihmg  des  Heufiebers,  Miinchen,  1903;    D.  med.  Woch., 

1903. 
ElLrlich:  Experimentelle  Untersuchungen  liber  Immunitat.    Deut.  med.  Wochenschr., 

1891. 
Emmerich:   Die  Ursachen  der  Immunitat.     Arch.  f.  Hyg.,  xii..  1891. 
d'Espine  et  Picot:  Manuel  pratique  des  maladies  de  Tenfance,  Paris,  1889. 
Galli-Valerio:  Immunitii  e  resistenza  alle  malattie.  Mil.,  1897. 
Goenner;    Heufieber.     Correspbl.  f.  vSchweizer  Aerzte,  1897. 
von  Hansemann:   Die  anat.  Grundlage  d.  Disoosition.    Deutsche  Klinik,  i.,  Berlin, 

1903. 
Henoch:   Vorlesungen  uber  Kinderkrankheiten,  Berlin,  1890. 
Hirsch:    Handbuch  der  historisch-geographischen  Pathologic.  Berlin,  1881-1886. 
Hueppe:    Naturwissensch.  EinfQhrung  in  die  Bakteriologie.  Wiesbaden,  1896. 
Jousset:   Traiti^  de  Tacclimatement  et  de  Tacclimatation,  Paris.  1884. 
Lode:   Beeinflussung  d.  Disposit.  z.  Infect,  durch  Warmeentziehung.     Arch.  f.  Hvg., 

28  Bd.,  1896. 
Lubarsch:   Untersuch.  iib.  d.  Ursachen  d.  angebor.  u.  erworbenen  Immunitat.  Berlin, 

1891;    Zur  Lehre  von  den  Geschwiilsten    u.  Infectionskrankheitcn,  Wiesbaden, 

1899. 
Mag-g-elsen:    Ueber  die  Abhangigkcit  der  Krankheiten  von  der  Witterung,  Leipzig, 

1890. 
Marfan:   Le  surmenage.     Pathol,  g^n.  de  Bouchard,  i.,  Paris.  1895. 
Martius:  Pathogenese  innerer  Krankheiten,  Leipzig. 1899  and  1900;  Krankheitsursache 

u.  Krankheitsanlage.     Verb,  der  Dtsch.  (ies.  d.  Naturforscher,  Leipzig,  1898. 
Mtiller:    Die  Krankheiten  d.  weibl.  K6rpers  in  ihren  Bezieh.  z.  d.   Geschlechtsfunc- 

tionen,  1888. 
Riess:    Heufieber.     Realencyklop.,  1896  (Lit.). 
Runge:    Die  Krankheiten  der  ersten  Lebenstage,  Stuttgart,  1893. 
Stockvis:    Vergleichende  Rassenpathologie  und  Widerstandsfahigkeit  des  Europaers 

in  den  Tropen.     Verb.  d.  X.  intemat.  med.  Congr.  i.  Berlin,  1891. 
Zeehuisen:   Ueber  Immunitat  und  Idiosynkrasie.     Arch.  f.  exp.  Path.,  35  Bd.,  1895. 

2,    Inheritable  Diseases  Arising  from  Congenital  Pathologieal  Anlaf/e. 

§  15.  Among  the  morbid  conditions  arising  from  congenital  aniage, 

and  which  either  appear  spontaneously  or  are  developed  throngh  any 
external  influence  whatsoever,  there  may  be  distinguished  different 
groups;  namely,  one  in  which  the  body  a,s  a  whole — the  constitution — is 
involved ;  another  in  which  only  a  part  of  the  body  as  a  system  or  an 
organ  is  affected;  and,  finally,  a  third  in  which  only  a  ])art  of  an  organ 
presents  functional  or  anatomical  changes  of  a  pathological  nature.  It 
must  be  noted  that  there  is  no  sharp  dividing  line  between  these  groups, 
inasmuch  as  loc^il  pathological  changes  may  be  associated  with  constitu- 
tional conditions.  Further,  it  is  often  very  difficult  or  impossible  to  de- 
termine exactly  what  part  the  antar/e  and  what  part  extrinsic  causes  have 
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taken  in  the  production  of  such  pathological  conditions,  iuiisniuch  as  the 
force  of  the  external  influence  which  has  called  the  pathological  process 
into  activity  Civnnot  be  estimated  with  certainty. 

Among  the  constitutional  diseases  arising:  from  intrinsic  causes 
are  to  l>e  mentioned,  first,  the  development  of  dwarfs  and  giants,  dis- 
turbiuices  of  growth,  the  first  of  which  is  marked  by  an  under-develop- 
ment  of  all  the  parts  of  the  body,  both  of  the  skeleton  and  the  soft 
parts,  while  the  second  is  characterized  by  a  growth  exceeding  that  of 
the  ordinary  individual.  It  cainiot  be  doubted  that  both  dwarf  and 
giant  growths  are  often  purely  dependent  upon  a  congenital  anlage; 
but  the  sjime  effects  can  be  produced,  at  least  in  so  far  as  the  in- 
hibition of  growth  is  concerned,  by  harmful  influences  (»xerted  dur- 
ing the  period  of  development  and  growth.  It  cannot  always  be  told 
with  certainty  whether  an  abnormal  bodily  growth  is  dependent  upon 
a  congenital  anlage  or  upon  pathological  influences  during  the  period 
of  grow^th,  as,  for  example,  defective  development  or  disease  of  the 
thyroid  gland. 

The  same  difficulty  is  presented  in  cases  in  which  the  body  has  at- 
tained full  development  of  stature,  but  nuinifests  a  general  feebleness  of 
constitution,  as  shown  by  its  inability  to  withstand  a  great  variety  of 
external  influences.  Such  condition  may  aris<»  either  from  congenital 
defective  and  weak  anlage  or  from  harmful  influences  which  have 
attacked  the  developing  bodj'  during  intra-  oi*  extra-uterine  life; 
or  further,  congenital  weak  anlage  and  external  weakening  influ- 
ences may  have  affected  the  development  of  the  individual  in  an  equal 
measure. 

A  further  constitutional  peculiarity,  which  is  founded  upon  a  spe- 
cial congenital  anlage,  is  corpulence  (obesity,  adipositas,  lipomatosis  nni- 
versalis),  a  condition  in  which  fat  is  deposited  in  an  excessive  amount, 
either  in  the  tissues  normally  containing  fat,  or  further,  in  regions  which 
normally  contain  no  fat,  as,  for  example,  beneath  the  endocardium  or 
between  the  muscles.  The  increased  deposit  of  fat  is  ultimately  to  be 
referred  to  a  disproportion  between  fat-production  or  fat-supply  and  fat- 
consumption,  the  pathological  increase  of  fat  being  at  one  time  dei^end- 
ent  ui)on  an  abnormal  increase  of  fat-production,  at  another  on  a  de- 
crease of  fat-consumption.  Daily  experience  teaches  that  the  energy 
with  which  metabolism  goes  on  in  the  body  differs  greatly,  and  changes 
also  at  the  different  periods  of  life,  so  that  the  normal  amount  of  nour- 
ishment tends  at  one  time  to  fatten,  at  another  time  does  not. 

In  the  pathological  condition  termed  oliesity,  which  in  part  rests 
upon  a  congenital  tendency,  the  energy  of  the  protoplasmic  forces  of 
destructive  metamorphosis  is  weakened,  so  that  an  abnormal  amount  of 
fat  is  deposited,  even  when  only  a  moderate  or  even  a  decreased  amount 
of  nutritive  material  is  supplied  to  the  tissue. 

Qouty  like  obesity,  is  also  a  constitutional  disease,  which  is  chiefly 
dependent  upon  a  congenital  anlage  and  is  produced  essentially  by  in- 
trinsic causes.  The  exact  nature  of  the  disease  is  not  yet  known.  It  is 
characterized  by  deposits  of  uric  acid  in  the  tissues.  According  to  Gar- 
rod  and  Ebstein,  the  acute  attacks  of  gout  are  caused  by  an  accumula- 
tion of  uric  acid  which  has  its  origin  either  in  the  kidneys  or  in  local 
conditions.  On  the  other  hand  Pfeiffer  holds  that  the  essential  feature 
of  the  gouty  tendency  consists  in  the  fact  that  the  uric  acid  is  produced 
in  a  form  which  is  soluble  only  with  difficulty.  According  to  von 
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Koorden,  the  formation  and  deposit  of  uric  acid  is  ouly  a  secondary 
process,  which  is  iudiii^ed  by  the  pr(\seoce  of  a  certain  ferment  having 
only  a  local  iictiun,  iiud  is  couseqiieiitly  not  dependent  upon  the  iimoimt 
or  cliaracter  of  the  nrie  acid  formed  in  other  parts  of  the  body, 

Palholdglcal  changes  arising  in  single  systems  and  organs  from 
congenital  aniage  muy  occur  in  any  part  of  the  bmly,  iind  may  involve 
an  enlire  system  or  or^au,  or  only  a  part  of  one. 

In  the  skeleton  there  may  (K'cur  abnormal  development  of  single 
parts,  as,  for  example,  an  abuurmal  small  nt*ss  of  the  extremities  ( micro - 
uieliu)  or  of  tlie  head  (mieroc(*phalus)  in  eonirasl  to  the  size  of  the 
trunk;  an  abnormal  over-development  of  a  bone  oi"  group  of  bones 
(maerocephalus,  niacrotlactylisio,  giant  growtli  of  a  tinger,  entire  foot, 
or  of  an  extremity)  ;  malformations  of  the  extremities  (cleft-hand,  cleft* 
foot,  etc.).  Occasioiially  supernumerary  bones,  as  carpal  bones  or 
phahinges,  ma^"  develo]),  giving  ris#^  to  supernnmeraiy  lingers.  Fur- 
ther, tliere  may  lie  developed  atypical  formations,  such  as  bony  oot- 
growthi-  (^ext>stoses,  hyperostoses),  which  jnay  extend  over  the  skeleton 
to  a  greater  or  less  extent,  originating  either  spontaneously  or  following 
some  traumatism. 

In  the  muscular  system  there  occur  particularly  pathological  bony 
formatifins,  either  si ngle  or  multiple  (myositis  ossilicans),  which,  in  the 
peril k1  of  childhood,  occasionally  lead  to  a  progressive  stiii'ness  of  the 
muscles,  through  the  transformation  of  mnscte  into  bony  i)lates. 

In  the  vascular  system  there  occur  either  gn)ss  anatomical  changes, 
such  as  abnormal  bram4iing  of  the  arteries,  pathological  develoijuient 
of  the  heart,  or  tiner  changes,  which  reveal  themselves  through  some 
abinn'mal  action  on  the  part  of  tlie  circulatory  ajjpamtus  or  through  a 
tendi/ncy  to  hiemorrhages  (fuemophiim)  which  take  jdace  Hpontaneonsty, 
that  is,  without  onr  being  able  to  demonsti'ate  the  action  of  some  in* 
jurious  intlnence  upon  the  heart  or  l>tood- vessels, 

Dui'ing  the  development  <>f  the  central  nervous  system  there  may 
occur  primary  disturbances,  which  in  piiil  may  manifest  fhetns<4ves  only 
thnmgh  some  pathohjfprnf  dfiifinlnfurf'  of  fuftetton  or  aowe  nprrhd  pyvdln- 
pmithm  to  dmeme,  while  others  ai'c  distinguishe*!  by  grom  amdomical 
chaitf/rs^  such  sis  abnormal  sniallness  of  the  brain  (iniciencephabai)  c»r  of  i 
tile  spinal  cord  (inicromyelia),  defective  development  or  absence  of  par- 
ticular parts  (see  chapter  on  malformations),  misplacement  of  the  gray 
matter  (lieterotopia  of  the  gray  substance),  abntn'mal  foromtiou  of  cavi- 
ties (syring(unyelia).  tir  abnormal  tV>nuations  of  neuroglia.  These  dis- 
turban(*es  nuiy  involve  the  functions  of  the  sensory  organs  and  the  motor 
ceiilres,  and  even  to  a  greater  extent  the  x>sychical  processt*s.  The  mor- 
biil  conditions  known  as  idiocy*  epilepsy,  periodic  and  circular  insanity, 
hysteria,  neurasthenia,  sus  well  as  paralysis,  mania,  mehincholia^  and 
dementia,  nuiy  have  their  origin  in  a  congenital  predisposition.  Re- 
cent ly  the  tendtuicy  to  crinu*  has  also  bc^ui  ascrib€*d  to  a  congenital  pre- 
disposititm,  ami  L«»mbroso,  in  particular,  has  endeavored  to  prove  that 
the  man  who  lives  only  through  crime  and  for  crime,  the  Homo  delfn- 
quettH,  is  a  congenital  criminal — that  is,  a  man  who  sutlers  from  bodily 
and  nui*ntal  abnonnalities,  who  jwsse.sst^s  other  physical  and  psycliical 
charartt*rs  llian  the  mninal  man  or  even  than  one  who  is  simply  men- 
tsdiy  nnl>alance*l,  in  that  he  pres4»nts  the  symptoms  of  a  form  ofdcgener- 
atiiin  tending  in  a  well-detincd  direction.  Acconling  to  Lumbri^ao,  a 
snbncninal  develupment  of  the  anterior  half  of  the  cranium,  associated 
with  a  corresponding  lack  of  development  of  the  anterior  portion  of  the 
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cerebrum,  in  cotioection  with  an  over-development  of  the  posterior  por- 
tion, prtjducesa  fee  bier  develop  men  t  of  the  intelligence  and  of  the  moml 
sense,  and  favors  a  strongly  developed  instinct-life-  lienedikt  even  gf^es 
so  far  as  to  maintain  that  the  erirninal  possesses  a  peeiiliar  eonfigu ration 
of  the  cerebral  eonvo  hit  ions,  similar  in  type  to  those  of  beasts  of  prey. 

The  views  of  Lrnnbroso  and  Ik^iiedikt  liave  met  with  mnch  opposi- 
tion, and  have  In^i^n  altiW*kiHl  ils  uieorR^et.  There  can  be  no  donbt  that 
there  does  nt>t  exist  a  degem^rale  species  of  the  hnnian  race,  which  is 
characterized  by  snch  anatoniiral  peculiarities  as  to  uiiike  it  possible  for 
us  to  distingnish  a  class  of  Homo  dfHttfjurns  fvinn  tliat  of  Homo  mpfnis. 
All  the  somatic  pccnHarities  regarded  as  characteristic  uf  tlte  criminal 
type — SLS,  for  example,  tlie  beast  t^f-prey  type  of  t-i^n^n-al  convolntions, 
slightly  developed  frontal  brain,  receding  forehead,  massive ncss  of  the 
lower  jaw,  prognathia,  iLsyniniet ry  nf  the  craninin,  marked  i>rominence 
of  the  an-ns  snperticialis  ami  artais  frontalis,  pathological  conformations 
of  the  sknll,  etc. — while  relatively  freqnent  in  cnminals,  are  als*)  far 
fnmi  1x4  ng  in  freqnent  in  normal  men.  On  the  other  hand,  it  is  not  to 
be  doubted  tliat  the  tendency  to  crime  is  very  fre([nentiy  dependent  upon 
a  congenital  predisposition  having  its  seat  in  some  special  organiwitiou 
of  the  centnil  nervous  systeui.  In  this  respect  the  criminal  resembles 
the  insjine  individaal;  fnrthei",  nn^ntai  dis*^ast*s^for  example,  epilepsy 
and  hysteria — are  often  observed  in  criminals. 

Piitholofikaf  enrhtfif  fifiiefiotift  may  develop  primarily  in  individnals 
po«*sessing  snch  morbid  predispositions — that  is,  wita*mt  external  inlln- 
ences  playing  any  part  in  the  prodnclion  of  the  distnrlmnce,  so  that  the 
pei'S4>n  cimcerned  nuiy  manifest  patlndogical  distnrbanees  of  cerebral 
finietitnis  witlic»nt  the  eoncnrren<v  of  any  external  injury,  either  dnring 
the  iK'iiijd  of  deveh»pment  and  growth  or  later.  On  the  other  hand,  in 
other  cases,  external  intluences— such  as  nuMital  work,  sorrow,  cam, 
psychical  irritation,  dis4_»a.se,  etc. —are  the  causes  which  give  rise  to  the 
particular  illness— that  is,  to  the  oeenrr-ence  of  pathohigieal  l»niin  or 
spinal -Cord  fnrjctions.  In  thes**  cast's  the  iidn'riled  tcndem^y  consists 
only  in  an  abnornnd  weakness,  a  pre^lisposition  to  di.s<*as(*  of  the  centnil 
nervous  system,  so  that  insignitirant  intluences  which  wonld  produce  no 
recngnizabh?  «*d\H'ts  upon  a  normal  individnal  ai'e  snfhcient  to  excite  the 
luorldd  phenomena.  Siaee  many  intluences,  as  disi*iis<»s,  infeetions, 
psyehieal  irritations,  are  adequate  under  certain  contiitions  to  [n'odui-e 
mental  ili.si^ases  in  indivi(hnds  who  nmst  be  regarded  us  norma L  it  is 
dear  that  in  many  instances  it  is  diffimlt  and  often  impossible  to  deter- 
luine  what  part  the  intrinsic  canst\s — the  inherite*!  pretlisposition— and 
what  part  the  extrinsic  cjuises  have  had  in  the  production  of  a  disease 
of  the  central  nervcms  system. 

In  theciLse  of  the  peripheral  nerves,  it  is  especially  their  connective- 
tissue  elements  which  often  take  on  a  pathologieal  activity  of  growth 
under  the  influence  of  intrinsic  causes.  This  activity  may  manifest  it- 
self jwirtly  in  the  form  of  ditl'use  thickenings  (tibromatosis  ai'  the  nerves), 
which  are  situated  either  ahmg  the  coni'se  of  those  nerves  large  enough 
to  t>e  dis.sected  with  the  knife  or  along  the  liner  nerves,  often  in  large 
numbers  throngh  the  entire  nervons  system,  and  occasionally  involving 
the  entire  territory  of  the  periplieral  nerves,  the  skin  Ix^ing  most  f re* 
qnently  affected  (multifile  hbronmta  of  the  skin).  In  imlividnal  cases 
the  fibromatosis  of  the  nerves  is  tussociatcMi  with  an  increase  in  the  num* 
bpr  of  nerve- fibres,  so  tlnit  within  a  given  area  of  nerve- distribution 
there  will  lie  found  a  great  incn^ase  of  nervedilires,  thickened  throngh  a 
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pathological  increase  of  the  endoneurium  and  for  the  greater  part  twisted 
and  wound  into  serpentine  forms  (cirsoid  neuroma,  plexiform  neuronui). 

Among  the  consfenital  patholos^ical  conditions  of  tlie  visual  appa- 
ratus are  to  be  mentioned  in  particular  dyschromatopsia  and  achroma- 
topsia, congenital  partial  or  total  color-blindness,  which  are  frequently' 
spoken  of  as  Daltonism,  and  are  characterized  by  a  want  of  perception 
for  certain  colors  (most  frequently  for  red  and  green)  or  for  all  the 
colors.  In  this  same  category  belongs  further  the  typical  pigment  degen- 
eration of  the  retina,  in  which  there  occurs  a  peculiar  spotted,  black 
pigmentation  of  the  retina,  associated  with  a  diminution  of  centml 
sharpness  of  vision  and  light-perception,  with  a  narrowing  of  the  visual 
field.  Finally,  certain  forms  of  myopia,  also  albinism  (absence  of  pig- 
ment in  the  choroid),  the  latter  condition  also  involving  the  structui-es 
of  the  skin,  ai^e  to  be  considered  in  this  connection. 

Of  intrinsic  conditions  of  the  auditory  apparatus  deaf -mutism  is  of 
chief  importance;  this  condition,  in  part  at  least,  is  dependent  upon  a 
primary  disturbance  of  development.  Further,  certain  malformations 
of  the  external  ear  fall  into  this  class. 

In  the  sicin  and  subcutaneous  connective  tissue  new-growths  may 
develop  from  congenital  anlage,  consisting  of  proliferations,  sometimes 
of  connective  tissue,  at  other  times  of  epithelium.  They  often  involve 
particular  parts  of  the  skin,  as  the  cutaneous  nerves,  blood-vessels, 
lymph-vessels,  or  the  adipose  tissue.  When  occurring  as  extensive 
thickenings  of  the  skin  and  subcutaneous  tissue,  they  constitute  the 
foundations  of  the  conditions  known  as  fibromatous,  neuromatous, 
hsemangiomatous,  lymphangiomatous,  and  lipomatous  elephantiasis.  As 
circumscribed  growths  they  are  known  as  birth-marks,  fleshy  moles, 
leutigines,  freckles,  and  tumors  of  the  blood-  and  lymph-vessels.  The 
epithelial  hypertrophies  give  rise  to  those  conditions  designated  as  fish- 
scale  disease  or  ichthyosis,  ichthyotic  warts,  and  cutaneous  horns. 

In  addition  to  the  pathological  conditions  which  have  been  mentioned, 
there  are  also  malformations  of  tlie  body  (see  chapter  on  malforma- 
tions) or  also  of  internal  organs  which  must  be  regarded  as  primary — 
i.e.,  which  are  not  produced  by  injurious  influences  exerted  upon  the 
developing  fcetus.  Finally,  many  forms  of  tumors  (see  chapter  on 
tumors)  are  to  be  |)laced  in  this  class,  particularly  those  which  are  found 
to  be  already  develoi)ed  at  birth  or  which  develop  during  childhood. 
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§  16.  The  orisfin  of  congenital  pathological  anlage — that  is, 
of  diseases  in  which  extrinsic  influences  are  either  entirely  absent  during 
both  intra-  and  extra-uterine  life,  or  are  of  significance  only  as  a  source 
of  irritation  sufficient  to  excite  into  development  pathological  tendencies 
already  present  in  the  body — may  be  explained  in  two  ways:  Either  the 
pathological  peculiarities  of  the  individual  concerned  are  inherited  from  the 
ancestors,  or  they  are  developed  from  the  seed,  i.e.,  from  the  individual  sexual 
nuclei  that  have  copulated  or  from  the  segmentation  nucleus  resulting  from 
their  union. 

The  inheritance  of  pathological  qualities  is  a  fact  clearly  shown  by 
clinical  observations,  inasmuch  as  many  of  the  examples  of  diseases  due 
to  intrinsic  causes  which  are  cited  in  §  15  also  appear  as  inheritable 
characteristics  in  certain  families.  In  some  cases  these  characteristics 
are  transmitted  from  the  parents  to  the  children,  in  other  cases  the 
grandchild  may  exhibit  pathological  peculiarities  of  the  grandparents, 
the  parents  themselves  remaining  exempt;  finally,  in  other  cases  the 
pathological  peculiarity  may  be  manifested  in  individuals  of  the  collat- 
eral branches,  as  from  uncle  to  nephew.  Dwarfishness  and  giantism  are 
pathological  peculiarities  which  frequently  characterize  certain  families. 
Six  fingers,  cleft-hand  and  cleft-foot,  hare-lip,  dextrocardia,  birth-marks, 
multiple  exostoses,  fibromatosis  of  the  nerves,  and  multiple  neurofibro- 
mata  may  appear  in  families  for  many  successive  generations. 

Congenital  hsemophilia  is  also  an  inheritable  condition,  which  is 
ordinarily  transmitted  through  the  daughter  to  a  male  grandchild,  the 
daughter  not  showing  the  disease.  There  may  occur,  however,  a  direct 
transmission  of  haemophilia  from  parents  to  children.  Partial  or  total 
color-blindness  also  occurs  as  an  inheritable  family  disease,  especially 
affecting  the  male  members,  and  like  haemophilia  is  transmitted  through 
the  female  line,  which  does  not  suflfer,  to  the  male  descendants.  The 
typical  pigment-degeneration  of  the  retina,  myopia,  deaf-mutism,  cer- 
tain forms  of  progressive  muscular  atrophy,  and  polyuria  (Weyl)  are 
also  inheritable. 

According  to  Gairdner  and  Garrod,  in  about  ninety  per  cent  of  the 
cases  of  gout  there  is  a  family  history  of  the  disease. 

Of  the  pathological  conditions  of  the  nervous  system  many  are  in- 
heritable; to  these  belong  especially  periodic  and  circular  insanity, 
epilepsy,  hysteria,  congenital  insanity,  and  to  a  somewhat  less  extent 
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melancholia,  mania,  delusional  insanity,  and  alcoholism.  Progressive 
paralysis,  the  deliriums,  and  the  conditions  of  nervous  exhaustion  are 
but  slightly  influenced  by  heredity  (Kraepelin).  Hagen  estimates  the 
number  of  hereditary  insane  at  28.9  per  cent,  Leidesdorf  at  25  per  cent, 
Tigges  at  over  40  i)er_cent  of  all  cases,  while  Forel  holds  that  69-85  per 
cent  have  hereditary  taint. 

In  the  most  severe  forms  of  hereditary  degeneration  the  pathological 
condition  Itself  is  inherited,  but  more  frequently  the  predisposition  to 
disease  is  alone  inherited  and  the  morbid  condition  itself  is  developed 
through  the  action  of  extrinsic  harmful  influences  upon  the  central  ner- 
vous system.  The  character  of  the  disease  in  the  descendants  may  be 
the  same  as  in  the  ancestors  (identical  heredity) .  More  often  the  charac- 
ter of  the  disease  is  changed  (transfarmatuyncd  heredity),  not  infrequently 
in  the  sense  that  the  severity  of  the  condition  increases  from  generation 
to  generation  (degenerative  heredity). 

According  to  Morel,  there  may  appear,  for  example,  in  the  first  gen- 
eration, nervous  temperament,  moral  depravity,  excesses;  in  the  second,  a 
tendency  to  apoplexy,  severe  neuroses,  alcoholism ;  in  the  third,  psychi- 
cal disturbances,  suicidal  tendency,  intellectual  incapacity;  finally,  in 
the  fourth,  congenital  idiocy,  malformations,  and  arrests  of  development. 

The  occurrence  of  inheritable  diseases  is  by  no  means  remarkable ; 
it  is  a  well-known  fact  that  in  a  family  not  only  the  peculiarities  of  race, 
but  also  of  that  particular  family  are  inherited,  and  that  very  often  the 
characteristic  qualities  of  either  parent  or  of  both  recur  in  the  children. 
As  a  hypothesis  for  the  explanation  of  heredity,  it  is  only  necessary  to 
assume  that  the  peculiar  quality  under  consideration  represents  not 
merely  a  somatic  change  accidentally  acquired  during  the  life  of  the  an- 
cestor, but  much  rather  a  quality  of  the  ancestor  developed  from  a  con- 
genital aniage.  Diseases  which  in  a  normal  individual  arise  only  un- 
der the  influences  of  some  external  injurious  influence  are  never  in  a  true 
sense  inherited  (compare  §  17),  but  only  those  pathological  conditions 
existing  in  the  gemi  are  to  be  regarded  as  examples  of  true  inheritance. 
If  a  certain  disease,  as,  for  example,  a  mental  disease  or  myopia,  is  the 
product  of  a  special  inherited  predisposition  plus  the  eflfect  of  injurious 
influences  which  have  acted  upon  the  body  during  life,  only  that  part 
can  be  transmitted  which  has  its  seat  in  some  peculiar  ebngeuital  anlage, 
but  not  that  caused  by  external  influences — the  acquired  condition  can- 
not be  inherited. 

In  direct  inheritance — i.e.,  in  that  form  of  inheritance  in  which 
parental  qualities  are  transmitted  to  the  child — the  transmission  of  nor- 
mal as  well  as  of  pathological  qualities  is  possible  only  when  both  sexual 
cells,  in  the  condition  in  which  they  combine,  contain  the  potentialities 
of  the  characteristics  of  both  parents,  in  so  far  as  these  characteristics 
are  transmissible.  The  product  of  the  union  of  the  sexual  cells — the 
segmentation-cell— must,  therefore,  contain  within  itself  both  the  pa- 
ternal and  maternal  qualities.  Since  the  sexual  cells  do  not  represent 
a  product  of  the  body  developing  during  the  course  of  life,  but  are  rather 
to  be  regarded  as  independent  structui-es,  which  at  an  early  period  of 
development  are  separated  from  the  other  parts  of  the  body  (that  is,  from 
the  somatic  cells)  into  special  organs,  where,  protected  and  nourished  by 
the  body  to  which  they  belong,  they  lead  an  independent  existence;  the 
only  posvsible  explanation  for  the  phenomenon  of  inheritanc^e  is  found  in 
the  hypothesis  that  the  individual  sexual  cells  contain,  from  the  time  of 
their  origin  onward,  the  potentialities  of  the  same  qualities  which  appear 
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in  the  body  in  which  they  dwell.  Both  tlie  wxnal  cells  and  the  body 
itself,  therefore,  inherit  in  general  the  sjime  qnalitie.s  from  the  aTJcestors* 
8iuce  ill  the  aet  of  fruet location  only  the  iint  lei  of  the  sexnal  cells^ — that 
is,  parts  of  tbe  same — come  to  eiipiilation,  we  are  compelled  fnrther  to 
siRsnine  that  the  nuclei  are  tlie  bearei"^  of  inheritable  qualities,  and  the 
pecnliarities  of  the  individnal  arisinfj;  from  the  comt>ination  of  the  sex- 
ual nuclei  have  their  foil mlal ion  in  the  orpin izat ion  of  the  nuclei* 

TIm'  a|jp(*jiiiiiK*e  in  the  descendants  af  nornuU  or  patholoi^icid  char- 
acters Iw^loni^inj;  to  the  collateral  relatives  (uncle,  ii^reat-annt,  or  cousin), 
but  which  are  not  present  in  the  paivnts,  is  kmnvn  as  njlhtttral  htheri- 
Utnrr,  This  phenumenun  is  explained  by  the  hypothesis  that  Hn*  sexnal 
cells,  in  their  f>rigin,  received  eh  arac  ten  sties  which  the  thxlies  of  the 
parents  did  not  receive,  or  %vhich,  at  least,  did  not  undergo  development 
and  manifest  themselvt^s  in  the  parental  bodies,  whereas  in  certain  rela- 
tives they  did  Ix^cojne  manifest. 

Theapi>earance  in  an  individual  of  normal  or  pathological  character- 
istics which  were  wanting  in  the  parents,  bnt  were  present  in  the  grand- 
paivufs  or  great-granilpaients,  is  kiinwn  jts  nUtrLstit'  inhrrittnirr.  This 
phenomeuon  is  explained  by  the  hyi)othesis  that  given  characteristics  of 
the  grandparents  or  great  gruidiiaients  were  transmitled  to  tin*  sexual 
cells  of  the  son.  or  of  the  si>n  and  grandson,  without  d*n^elnping  in  the 
body  of  the  tirst,  while  the  fjuality  thus  reununing  latent  became  again 
manifest  in  the  grandson  (»r  great -grandson. 

The  attempt  has  Ik^cu  made  to  give  to  the  atavistic  mode  of  transmis- 
sion— which  is  of  frrqueut  oeeuri^-nce  and  is  usually  contiiied  to  the 
immediate  generations  of  ancestors — a  wider  signiticance  in  pathology. 
Thus  it  has  Ikm^u  prnpused  to  exi>laiu  the  i>ccurreuce  of  unmy  newly  aris- 
ing pathologi<'al  courlitinns,  which  appear  *similar  to  certJiiu  somatic 
r|ua]ities  possess*Hl  by  reinc^te  animal  species  in  the  ancestry  of  nuin,  as  a 
reversion  to  the  type  of  tln^sti  ancestors,  Fi>r  example,  mici'occidnilus 
and  micreucephalus  have  lit^^n  explained  us  a  rrvei-sion  to  the  ajie  type; 
and  Iximbroso  is  inclined  t«>  regard  the  homo  fh'lhitfHens  as  an  atavistic 
pheDomenou,  There  can  be  no  doubt  that  cei'taiu  writers  have  gone  too 
far  iu  this  respect  and  have  mistaken  certain  acquired  pathological  for- 
mjitions  or  new  gt»j'm-varialions  (compare  §  17)  for  atavistic  conditions. 
Aside  from  the  question  id*  revei-sirm  to  the  type  of  the  nearest  geoei*a- 
tious  of  ancestors,  atavism  pla\'s  but  an  insignificant  part  in  pathology, 
and  it  C4iu  ivally  l>e  employed  (uily  in  the  exi>lauation  of  pathological 
formations  in  which  the  tissues  show  a  certain  tl  net  nation  of  Indrnvior, 
so  that  ni>t  rarely  fonnations  aris<^  which  iu  i>hylogeny  or  ontogeny  rep- 
resent stages  of  the  then  normal  conditions.  In  this  category  bebnig,  for 
example,  the  occurrence  of  certain  forms  of  the  car,  sn|)ernumerary  ribs, 
nipples,  or  nmmmary  glands,  and  the  develcqmient  of  certain  muscles 
which  are  found  iu  the  most  closely  related  mammals. 


It  is  held  by  many  writers  that  Oi  indinthial  ra«e4t,  arffuirrd  pathological  eojidifwn9 
mny,  vwter  cet'tiiin  firrumManmt,  lit'  rmnsnntOi^U  U*  th^'.  rhxcrndtttita.  Borne  even  atHrm 
Ihi*  possibility  of  litreiiitary  tnuisMiissi'm  *if  tlefurmiliL^a  caustnl  by  injury,  and  regard 
Mich  tmnsmission  its  provkl  i»  ciruna  (^s<  s.  In  stippnrt  of  their  view  they  Ijelk-ve 
that  Itiey  ran  refer  to  the  hereditary  tninsmission  of  birtti-marks,  iimlfonnatiuns  of  the 
fingrrs,  myopia,  metitid  Lliseaws,  pri/disposition  to  ttilKTrulosis,  ete.,  as  examples,  ac- 
conling  to  their  acssumptioii,  of  diseiises  wljirh  Qp[>eared  in  the  tirst  instance  as  ac- 
iiuired,  and  ivhieh  were  tlien  transmitted  to  the  desrendunt!^.  Further,  they  linUi  that 
iht  ^  rni)  point  to  observations  on  auimals.  of  %vhieh  nunieroua  accouots  are  found  in 
tl  ire,  a,H  giving  evidence  that  injuries  may  cause  deformities  which  are  later 
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An  unprejudiced  examination,  however,  of  the  material  collected  in  support  of 
this  view  shows  that  observations  which  establish  Uie  Tiereditary  transmission  of  patholog-^ 
ical  cJiaracteristics  a-e^uired  in  the  individual  do  not  exist.  The  alleged  proofs  are  found 
in  part  to  be  based  upon  inaccurate  observations,  in  part  upon  incorrect  inferences 
drawn  from  accurate  observations.  For  example,  the  assumption  that  the  occurrence 
of  a  birth-mark  in  a  child  in  tlie  same  region  of  the  skin  as  that  in  which  the  mother 
has  a  scar  is  a  proof  of  inherited  deformity  is  wholly  in  the  wrong,  inasmuch  as  birth- 
marks and  scars  represent  two  entirely  different  pathological  processes.  If,  among  the 
descendants  of  a  man  who  suffered  from  some  form  of  mental  disease  and  who  showed 
this  disease  only  after  a  certain  age  through  the  perversity  of  his  actions,  there  appears 
an  inheritable  disease  of  the  central  nervous  system,  or  if  we  note  a  similar  occurrence 
in  the  case  of  myopia,  we  cannot  conclude  from  such  observations  that  the  disease  of 
tlie  ancestor  was  purely  an  acquired  condition.  The  term  acquired,  in  the  biological 
sense,  can  be  applied  only  to  that  which  in  the  course  of  the  life  of  an  individual  arises 
purely  from  extrinsic  influences,  but  not  to  a  quality,  the  anlage  of  which  existed  al- 
ready* in  the  germ-cell,  although  this  quality  did  not  become  manifest  until  excited  to 
development  by  extrinsic  influences.  Should  there  appear  in  a  family  inheritable  men- 
tal diseases  or  hereditary  myopia,  the  first  case  of  such  diseases  may  have  already  been 
due  to  some  pathological  alteration  of  the  germ,  although  no  manifestations  of  the  dis- 
ease occurred  until  some  of  the  outside  influences  of  life  excited  it  to  activity,  and  so 
rendered  possible  the  recognition  of  the  pathological  condition.  The  particular  patho- 
logical condition  in  this  case  cannot,  therefore,  be  regarded  as  a  purely  acquired  disease. 

The  observations  of  Brown-Sequard  that  guinea-pigs,  in  which  epilepsy  has  been 
experimentally  induced,  can  transmit  the  condition  of  epilepsy,  have  been  shown  by 
iikfmmer  to  be  incorrect,  in  that  the  condition  is  not  a  true  epilepsy,  but  a  reflex 
epilepsy,  and  is  not  transmitU'd.  f 

Agiainst  the  occurrence  of  an  inheritance  of  acquired  pathological  conditions  is  the 
simple  consideration  that  the  human  race,  which  is  exposed  to  so  many  injurious  influ- 
ences, and  whose  individual  members  suffer  so  frequently  from  disease  and  mutilations, 
would  very  soon  arrive  at  a  state  of  extreme  misery  and  stunted  growth  and  would 
eventually  perish  were  only  a  small  part  of  the  acquired  diseases  transmitted  to  the 
descendants.  Further,  tne  origin  of  man  and  animal  forms  reproducing  through  ger- 
minal cells  is  in  itself  an  argument  against  the  possibility  of  the  transmission  of  qualities 
acquired  by  the  individual. 

The  act  of  fructification — tha4;  is,  the  first  step  leading  to  the  production  of  a  new 
individua! — is  accomplished  by  the  copulation  of  the  sexual  nuclei — that  is,  of  the 
nuclei  of  the  ovum  and  spermatozoon.  According  to  the  researches  of  the  last  decades, 
there  can  be  no  doubt  that  th^se  nuclei  are  the  bearers  of  the  hereditai^  characten sties  of 
tJie  parents,  and  that  the  individuality  of  the  copulatmg  nuclei  is  inherent  in  the  or- 
ganization of  the  same.  It  is  impossible  to  conceive  in  what  manner  processes  taking 
place  in  the  body  cells  can  produce  in  the  sexual  nuclei,  which  lie  within  special  cells 
in  the  sexual  glands,  such  alterations  of  organization  that  tliey  shall  contain  in  poten- 
tial form  the  acquired  characteristics  of  the  body  and  transmit  them,  after  copulation 
has  occurred,  to  the  descendants. 

DeUige  was  able  to  fructify  non-nucleated  portions  of  the  eggs  of  echinoderms, 
annelides,  and  mollusks  with  spermatozoa  (merogony).  He  regards  the  union  of  the 
micleus  of  the  spermatozoon  with  the  protoplasm  of  the  egg  as  the  essential  feature  of 
fructification.  This  is  not  applicable  to  the  ordinary  metluKl  of  fructification,  but  only 
shows  that  in  exceptional  cases  the  entrance  of  the  spermatozoon  into  the  protoplasm 
of  the  v^Q  is  sufficient  for  the  setting-up  of  further  development,  and  that  the  nucleus 
of  the  spermatozoon  entering  into  the  Ggg  without  uniting  with  the  nucleus  of  the  lat- 
ter exercises  an  especial  influence  upon  the  protoplasm  of  the  egg. 

Dancin  in  his  time  represented  the  view  that  acquired  characteristics  could  be 
transmitted  to  the  descendants,  and  endeavored  to  make  such  phenomena  intelligible 
by  the  theory  that  molecules  from  all  the  cells  of  the  body  contribute  to  the  formation 
01  the  germ-cells,  and  that,  consequently,  alterations  of  the  organism  can  be  trans- 
mitted to  the  germ  cell.  Nevertheless,  there  occur  in  the  writings  of  ^artwn  state- 
ments which  not  only  do  not  agree  with  this  opinion,  but  directly  contradict  it. 

At  the  present  time  the  views  with  re.iranl  to  the  inheritance  of  disease  generally 
accepted  arc  that  then*  is  no  true?  inhcritaucc  of  infections  and  that  gross  structural  dis- 
turbances cannot  be  inherited.  Tiic  only  possible  inheritance  of  conditions  acquired 
by  the  parents  is  that  of  conditions  acting  both  upon  the  somatic  tissues  and  gcnn-cells 
of  the  parents.  Chemical  and  physical  conditions  acting  within  the  body  or  from  with- 
out may  cause  changes  in  the  constitution  of  somatic  and  germ-cells.  The  occurrence 
of  such  changes  in  the  germ-cells  is  cleariy  shown  in  the  elTects  upon  the  progeny  of 
paternal  or  maternal   alcoholism,  plumbism,  and  experimentally  with  abrin.     It  is  a 
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well-known  fact  that  in  the  case  of  the  birth  of  monsters  there  is  often  obtainable  a 
history  of  some  infection  in  one  of  the  parents  before  conception  took  place.  Bardeen's 
experiments  regarding  the  changes  in  embryos  arising  from  ova  fertilized  by  sper- 
matozoa that  had  been  injured  by  Roentgen  irradiation  are  very  suggestive. 

Adami  has  applied  the  side-chain  theory  in  explanation  of  heredity.  According 
to  this  view  there  may  be  also  a  true  inheritance  of  morbid  conditions  due  to  modifica- 
tions in  the  biophorir  molecules  through  the  interaction  of  their  side-chains. 

Recently  much  discussion  has  been  waged  over  the  principles  of  heredity  involved 
in  Mendtl's  law,  Gallon's  latP,  and  De  Vries'  theory  of  mutations  (see  literature). 
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Zie^ler:   KSfinen   erworbene   patlKiloj^iseho   Eigcnsrhaften    vc»rerht    wprden   u,    wie 
eiitstehen  erbliche  Krniikheiteu  ii.  MisabiklimjEen?     Beitr,  v.  Zie^ler.  i.,  iHStS:    Die 
neuewtefi  Arbeiten  iiher  Vercrbungs-  u.  Abstamiimngslchre  u.  ihre  Bedeutunjr  f. 
d.  Patholo^ie.  ib.,  iv..  1888. 
See  also  §  15  and  §  17. 


§  17.  As  liiLS  been  explained  in  §  17,  inhn^itrd  disease.^  are  ahmyn  sitrh  as 
hare  at  the  rrnf  firnt  developed  f mm  intniime  causes^  that  u,  from  efdain 
anlage  hi  the  genu- ceth  ;  ur  at  Irmt  are  dh^eanen  in  ichich  the  prediKpoHitjon 
ihereti)  is  a  eoiufrnitfd  ehtfrarferi^fie.  ConverKely,  the  «tateiiient  way  be 
made  that  (dl  jtontml  ur  patholugietd  qntdditH  in  ihf  germ-ceih  are  itdtrntabh. 

The  first  appearance  of  new  pathological  character btics  which  are 
inheritabte  may  !h'  de]>eiid(^tit  upon  tiie  fact  that  as  a  result  of  sexuat 
procreation — i»e.,  <>f  the  luiioa  of  two  s<*xual  uuelei,  one  of  which  is  the 
bearei'  of  the  tmnsaiissible  {jiialities  of  the  father,  the  other  of  those  of 
the  uiother^ — new  variati0ns  ari3  eoustautly  arising,  ♦so  that  Ihe  child  is 
never  exactly  like  one  parent ;  bat,  on  the  other  hand,  in  addition  to  the 
qualities  which  the  parents  otfer,  it  possc^sses  also  new  (pialities*  Even 
if  we  assnnie  that  the  i^*xnal  nuclei  at  times  eoidaiu  in  potential  form 
exaetly  the  same  characteristics  as  those  of  the  i>arents,  the  product  re- 
sulting from  the  copulation  of  these  miclei  would  present  a  certain 
degree  of  variation.  In  such  a  eas(_%  however,  the  ditferences  between 
the  cliildreu  o("  such  parents  woidd  l*e  but  slight.  As  a  matter  of  fa<'t. 
the  dilferent  products  of  the  same  parents  may  sliow  an  inlinite  variety, 
by  reas(m  of  the  fact  that  the  germ  ceils  themselves  contain  further  a 
mixture  of  the  tninsmissilde  characteristics  of  tlie  j)aternal  and  maternal 
ancestors,  and  that  this  mixture  m  never  the  same  in  the  individual 
germ -cells. 

In  accordance  with  this  is  the  fact  that  the  children  of  a  certain  fam- 
ily always  present  important  diiierenees  in  Ixith  physical  and  mental 
qualities.  A  marked  resemblance  occurs  only  in  tlve  ease  of  twins  aris- 
ing from  one  egg— i.e.,  when  the  process  of  development  of  both  chil- 
dren hits  startetl  from  the  mme  act  of  eoi>nlation. 

Tl I e  embryonal  variations  resuLtini^  from  the  mixture  of  two  indi- 
vidually different  hereditary  tendencies  can  llnd  tlicir  expressi<m  in 
the  most  varied  qualities  of  the  body  and  mind  of  the  develo[)ing  child. 
If  thes4»  do  not  *leviate  in  a  marked  degree  from  the  characteristics  which 
the  diiterent  members  of  the  family  show,  the  conditions  are  regarde<l  as 
normal  and  ordimirily  receive  no  especial  attention.  If,  on  tlie  con- 
trary»  important  diflTerences  of  character  are  prodnced,  the  occurrence 
attracts  greater  attention;  and,  according  to  the  value  which  it  has  for 
the  individual  concerned,  is  regarded  at  one  time  as  s*iniething  favor- 
able, at  ant^ther  time  as  sonu*thing  unfavorable,  something  pathidogicaL 
Wlien  small,  weak  parejits  produce  children  wlio  develop  into  large  and 
strong  individuals,  or  when  the  intellectnal  capacity  of  the  children  sur- 
passes that  of  the  pai^ents,  the  occurrence  is  regarded  as  favoralile.  If, 
as  actually  iiappens,  a  genius  in  any  branch  of  human  knowledge  or  skill 
suddenly  appears  within  a  family,  without  any  evidence  of  an  especially 
marked  mental  development  iu  the  ancestors,  the  phenomenon  would 
attract  general  attention  ami  fje  regarded  as  a  fortunate  event.  But  if, 
on  the  other  hand,  strong  parents  l)eget  children  who  ai^  weak  or 
pi  1  y sical I y  * le fee t i v e ,  or  i f  t h cy  show  a  me n tal  ile \'el o j > m e n t  in f e r i o i*  t o 
that  of  their  parents,  or  if  they  show  a  complete  stunting  of  a  part  of 
their  mental  faculties,  the  new! t/ appearing  variation  is  rrgardtd  a^  (ibnor- 
tnalf  paihaJog tea L 


\ 

1 


THEORIES    OF   INHERITANCE. 


If  we  consider  tin*  exporieiiees  whit^h  tlM^  paHiuliJ^^y  of  Tuaii  and  aiii* 
mals  furiiishes.  the  ix^sMimiitioti  seetiis  fiill^^  wurruiited  tliat  of  tlie 
transmissible  pathological  conditjons  and  predispositions,  very  iiiaiiy, 
perhaps  tlie  majority,  are  relerabLe  to  a  variation  of  the  ir^rm  based 
upon  the  amphimixis.  For  exaiiiple,  the  group  of  liei^ditary  patho- 
lojrical  conditions  and  predispositions  of  tlic  central  nervous  system, 
hereditary  myopia,  hieou^pliilia,  piginentatinu  of  the  retina,  and  poly- 
clactylisni  may  arise  in  this  mannen  If  sneli  abnormal  cliaracteristics 
show  lheinsi*lvos  i-epeatedly  in  the  children  of  tlie  parents,  who  are  tliem- 
selves  normal  and  have  healtliy  ancestors,  it  may  be  assumed  that  the 
jrerm-cells  of  the  parents,  thongh  individnally  normal,  have  through 
their  niiiun  given  rise  to  a  pathological  variation.  Tliis  hypothesis  l>e- 
comes  substantiated  wlien  one  or  both  parents  produce  normal  offspring 
through  copulation  witli  other  individuals. 

Besides  the  variations  which  are  the  result  of  normal  sexual  repro- 
duction,  it  is  verj'  probable  that  pathulngical  germ- variations  wliich  lead 
to  the  development  of  tnmsniissible  pathological  fjualitics  may  also  aiise 
through  the  action  of  injurious  influences  upon  the  sexual  nuclei  or  the 
segmentation  nucleus;  or  else  that  the  process  of  copulation — rliat  is, 
the  union  of  the  sexual  nuclei — has  been  disturbed  in  some  manner. 
The  injurious  sul)stance  may  be  a  iiody -product,  or  it  may  come  from 
without,  and  at  the  same  time  also  produce  its  harmful  etfects  upon  the 
body.  Consequently,  in  these  cases  we  may  speak  of  th(*  germinal  ac. 
quisition  f//'  a  tntHJimiifmhh' piitko!oi;waI  chfirartfriJifir  (hrttitf/h  fhr  itdion  *tf 
an  f\rtriuHir  inJHrioHH  iujiifenc(\  This  dues  i\\\\  mean,  liHWever,  as  has  t»een 
a^^cepied  by  many,  that  the  tissues  of  the  budy,  uudei"  the  intiacnc**  of 
extrinsic  harmful  iullueuccs,  lirst  suffer  chauges  iji  themsctves,  and  then 
transfer  thest'  ciuiages  to  the  germ-cells.  Jt  is  to  be  believed,  rather, 
that  the  harmtnl  intiueiic*^  acts  directly  ui*ou  the  sexual  iniclei  or  the 
gagmen  tat  ion-nucleus,  producing  in  these  a  ehfniffe  of  mme  kind,  which 
later  leiids  t<i  a  pathological  development  of  the  imlividual  developing 
from  the  impregnated  egg.  It  is  a  matter  of  no  importance,  so  far  as 
the  nature  of  the  resulting  pathrilngical  varialiiui  is  concerueil,  whether 
the  somatic  tissue's  also  suffer  changes,  or  o^  what  nature  such  chatjges 
may  lje. 

If  a  transmissible  pathological  characteristic  arises,  it  may,  iu  case  it 
does  not  atTect  life  or  prevent  reproduction,  actually  lie  transmitted,  al- 
though this  dr»es  not  necessarily  follow.  The  chances  that  a  i>articular 
characteristic  will  l)e  tntusmitted  are  greatest  when  both  parents  possc^ss 
the  same  quality,  iis,  for  example,  when  bi>th  ]>arents  are  aflected  with 
hereditary  deaf -mutism  or  with  near-sightedness.  If  the  chanicteristic 
is  wanting  iu  one  parent,  there  is  produced  most  freyut^ntly  a  new  germ- 
variation,  in  which  the  patlmlogical  characteristic  fails  entirely  to  mani- 
fest itself,  and  in  tin*  follow irjg  generations  may  completely  disivpf^ear. 
If  several  descendants  are  begotten,  the  pathological  chanicteristic.  in 
€5ase  it  is  not  w4iolly  lost,  nuiy  show  itself  iu  only  a  few  of  the  descend- 
ants, and  iu  nu\se  in  either  a  modified  or  in  an  aggravated  form.  Not 
rarely  it  hat»pens  that  the  charactei'istic  remains  latent  in  one  generation 
— Uiat  is.  is  coidiued  to  the  sexual  cells,  and  appears  again  iu  the  second 
getienition. 

Tlw^re  seems  to  inc  to  br  no  iioiil>t  tliat,  tliroiigli  the  copulation  of  two  sexual 
Duclei  poRst'Ssiirg  rlitTerent  lierfdiiiiry  tiudriK'irs,  \  ariations may  be  prmhiced,  and  that 
miioDg:  the.se  there  rniiy  be  Hutae  wfiioh  are  to  he  regardtui  as  patliologi<ah  It  is  more 
difficult  to  iinswer  tliu  tpiestiou  whi-ther,  besidf  3  these,  there  arc  not  also  traiLsmissible 
TAHatloiis  of  a  pathological  nature,  whkh  urise  throuirb  influences  which  affect  the 
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uuclei  of  the  ova  or  of  the  spermatogonia,  the  spermatocytes  or  spermatosomcs,  or  the 
segmeutation-Ducleus;  and  further,  if  we  accept  the  existence  of  such  variations,  with 
what  frequency  do  they  occur.  Weisinann  holds  the  opinion  that  the  basis  of  transniis- 
sible  variations  is  to  be  found,  not  in  the  amphimixis,  but  ratlier  in  tlie  direct  action  of  ex- 
ternal influences  upon  the  sexual  nuclei.  Starting  from  the  assumption  that  the  variable 
cells  or  cell-groups  derived  from  the  germ  (by liim  designated  as  hereditai'y  pieces  or 
determinates)  are  represented  in  the  germ -plasma  by  special  particles,  which  are  fonned 
by  the  grouping  together  of  a  number  of  life-troplwblasts  or  hiophores  (molecular  groups 
which  represent  the  smallest  units  of  life),  and  which  he  calls  determinants  or  determin- 
ing pieres,  lie  believes  that  he  is  warranted  in  ascribing  the  transmissible  variation 
primarily  to  Uie  changes  produced  by  external  influences  in  the  determinants  or  group 
of  determinants  contained  within  the  nuclear  chromatin,  so  that  finally  the  hereditary 
pieces  or  determinates  derived  from  them  also  suffer  changes.  He  believes  that  such 
an  influence  might  be  exerted  by  excessive  nourishment  of  a  detenninant,  causing  it  to 
grow  more  rapidly.  For  example,  he  regards  it  as  possible  that  many  congenital  mal- 
Tormations  (for  example,  an  increase  in  the  number  of  fingers  and  toes)  can  be  referred 
to  a  reduplication  of  the  detenninantgroups  caused  bv  increased  supply  of  nourish- 
ment. According  to  Weismann,  the  amphimixis  has  only  a  secondary  influence  in  the 
origin  of  a  permanent  variation,  in  that  it  mixes  in  constantly  new  manner  the  varia- 
tions dependent  upon  the  changes  in  the  determinants,  but  does  not  in  itself  produce 
fieic  variations.  •*  The  deviations  which  the  determinants  suffer  through  unequal  con- 
ditions of  nutrition  constitute  the  material  out  of  which,  through  amphimixis  in  con- 
nection with  selection,  the  visible  individual  variations  are  produced,  through  whose 
increase  and  combination  new  forms  arise. " 

I  agree  with  Weismann  in  so  far  as  the  assumption  that  the  appearance  of  a  new 
variation  of  pathological  nature  is  injKirt  to  be  referred  to  changes  in  the  determinants 
contained  within  the  sexual  nuclei,  due  to  the  direct  action  of  extrinsic  influences.  I 
do  not,  however,  believe  that  there  is  suflicient  ground  for  attributing,  as  does  Weis- 
nmmi,  the  formation  of  new  separate  parts  to  an  over-nourishment  of  single  groups  of 
determinants.  Such  a  dependence  of  the  germ-plasma  upon  the  surrounding  nutritive 
material  seems  to  me  scarcely  conceivable,  and  is  opposed  to  all  views  hitherto  held  re- 
garding the  nutrition  of  cells.  Not  only  quantitative  but  much  rather  qualitative 
changes  of  the  food -material  would  appear  to  be  necessary  in  order  to  produce  changes 
in  the  organization  of  the  determinants.  Further,  I  hold  that  the  amphimixis  has  not 
only  a  secondary  but  much  more  a  primary  significance  with  regard  to  the  origin  of 
pathological  variations,  in  the  sense  that  it  itself  is  able  to  pr(Suce  new  variations. 
Finally,  it  seems  to  me  that  we  cannot  at  the  present  wholly  set  aside  the  hypothesis 
of  ^dffeli,  according  to  which  the  idioplasm  is  capable  of  altering  its  own  condition, 
from  within  outward,  in  certain  fixed  directions  and  according  to  certain  fixed  laws, 
and  thus  may  produce  new  characteristics. 
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§  18.  Besides  the  inheritable  pathological  conditions  mentioned  above, 
*there  appears  to  be  a  hereditary  transmission  in  the  case  of  the  infec- 
tious diseases ;  but  this  is  in  reality  not  a  true  form  of  inheritance,  and 
is  more  properly  designated  as  postconceptional  intra-uterine  infection. 

If  pathogenic  micro-organisms  enter  into  the  blood-stream  of  a  preg- 
nant woman  they  may  be  carried  into  the  vessels  of  the  maternal  placenta, 
and  finally  may  pass  through  the  foetal  placenta  into  the  body  of  the 
fcBtus.  Such  a  transmission  has  been  positively  demonstnited  in  many 
infections  (staphylococcus,  streptococcus,  pneumococcus,  typhoid  fever, 
tuberculosis,  anthrax,  smallpox,  syphilis,  and  others)  through  the  pi-es- 
ence  of  the  micro-organisms  or  of  characteristic  changes  in  the  tissues  of 
the  foetal  organism.  In  many  cases,  for  example,  in  tuberculosis  and 
anthrax,  the  path  which  they  have  taken  may  be  demonstrated  since  the 
placenta  also  shows  characteristic  pathological  changes. 

Up  to  very  recently  it  has  been  assumed  that  besides  a  placental 
transmission  there  might  occur  also  a  germcnal  transmission,  that  is, 
an  infection  of  the  sexual  cells  before  or  during  the  fructification. 
Further,  it  has  also  been  taken  for  granted,  that,  through  infection  of 
the  fructifying  spermatosome,  an  infection  of  the  ovum  without  that  of 
the  maternal  organism  may  occur,  and  such  a  mode  of  infection  has  been 
regarded  as  established^  particularly  in  syphilis.    Up  to  the  present  time 
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however,  this  mode  of  transmission  has  not  been  proved  by  unquestioned 
observations  to  occur  in  man  and  the  mammals,  and  its  occurrence  even 
in  syphilis  has  also  been  thrown  into  doubt  (Matzenauer).  According 
to  our  present  knowledge  we  may  say  definitely  that  the  transmission  of 
infections  through  the  placenta  to  the  foetus  in  utero  has  been  positively 
demonstrated  and  occurs  in  diflferent  infectious  diseases.  Infections  of 
the  ovum  or  of  the  sperm  before  or  during  fructification  are  indeed  possi- 
ble, but  it  has  not  yet  been  positively  demonstrated  in  the  case  of  man 
and  the  other  mammals  that  a  further  development  into  a  viable  foetus  is 
possible  in  the  case  of  an  ovum  in  which  the  agents  of  infection  have 
produced  characteristic  changes.  This  is  true  not  only  in  the  case  of 
acute  infections,  but  also  in  such  chronic  ones  as  tuberculosis  and  syphilis. 

According  to  the  views  of  Matzenauer,  in  no  case  of  hereditary  syphilis  can  mater- 
nal transmission  be  excluded ;  and  there  are  no  clinical  observations  that  speak  for  a 
pure  paternal  spermatic  infection  of  syphilis.  The  fact  that  the  mothers  of  children 
showing  hereditary  lues  are  immune  toward  syphilis  (Colics'  law)  cannot  be  explained 
by  the  hypothesis  that  the  mother  has  received  syphifis  toxins  from  the  child  syphil- 
ized  from  the  father  and  in  consequence  has  produced  antitoxins  (Finger),  but  can  be 
explained  only  on  the  ground  that  she  herself  was  infected  with  syphilis.  That  the 
mother  often  shows  no  syphilitic  changes  cannot  be  taken  as  an  argument  against  the 
latter  view,  since  syphilis  may  often  be  present  with  complete  absence  of  symptoms. 
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CHAPTER  II. 

The  Spread  and  Generalization  of  Disease  through- 
out the  Organism.  Autointoxications  and  Sec- 
ondary Diseases. 

I.  General  Considerations  Concerning  the  Spread  and  Generalization 
of  Patholos:ical  Processes  in  the  Ors:anism. 

§  19.  If  through  the  action  of  any  injurious  agent  a  local  tissue- 
change  is  produced,  there  occurs  first  a  primary  local  disease  or  organ- 
disease,  which  is  accompanied  by  a  disturbance  of  function  of  the 
affected  part.  If  the  injurious  agent  passes  into  the  body-juices  and 
into  the  blood  without  causing  noticeable  changes  at  the  point  of  en- 
trance, while  within  the  l)ody  it  gives  rise  to  local  changes,  the  result- 
ing condition  may  be  designated  as  a  solitary  or  multiple  lymphos^enous 
or  hematogenous  local  disease  or  organ-disease. 

Local  diseases  may  during  their  entire  course  remain  confined  to  the 
organ  originally  aflfected,  yet  very  frequently  they  lead  to  further  sec- 
ondary diseases  of  organs  or  to  a  general  disease. 

The  flrst  method  by  which  disease  processes  spread  thTOUghont  the  body 
is  through  metastasis,  by  means  of  which  there  are  very  frequently  formed, 
not  only  solitary,  but  innumerable  foci  of  disease  throughout  the  body. 
Not  inf i*equently  there  may  occur  such  a  gemralization  of  disease  by  way 
of  the  blood  and  lymph-channels  (tuberculosis,  suppurations,  and  car- 
eiuomatous  growths)  that  the  majority.of  the  organs  will  l>e  found  to 
contain  metastases  and  show  correspondingly  more  or  less  easily  I'ecog- 
iiized  functional  disturbances. 

A  second  method  of  the  spread  of  disease  occurs  in  those  diseases  in 
which  in  the  primary  foci  there  are  formed  toxic  products  which,  taken 
np  into  the  lymph  and  blood,  produce  such  changes  in  different  organs 
that  they  must  be  regarded  as  intoxications  by  poisonous  substances  arising 
from  diseased  foci.  This  intoxication  is,  as  shown  in  §  12,  of  very  com- 
mon occurrence  in  the  infectious  diseases,  and  leads  not  only  to  secondary 
degenerations  of  organs,  but  much  more  to  the  picture  of  a  more  or  less 
severe  general  disease,  as  shown  by  general  disturbances  of  metabolism, 
fever,  and  disturbances  of  the  central  nervous  system. 

A  third  form  of  the  spread  of  disease -processes  throughout  the  body 
becomes  i)OSsible  by  reason  of  the  fact  that  the  integrity  and  normal 
functional  capacity  of  many  organs  are  to  a  great  measure  dependent 
upon  the  function  of  other  organs;  and,  further,  upon  the  fact  that  the 
organism  needs,  for  the  preservation  of  its  normal  condition,  the  perfect 
fnnctional  working  of  its  organs,  and  in  the  Ciuse  of  many  organs  cannot 
I)ermanently  dispense  with  their  functions.  There  is,  therefore,  a  large 
group  of  local  and  general  diseases  xrhich  arise  as  the  result  of  the  imperfect 
functional  activity  of  this  or  that  organ. 
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Xfoutih  mode  of  origin  of  secondary  diseases  is  through  mitointoxira' 
Hon — that  is,  through  Sb  poisoning  of  the  organism  by  substances  which  arise 
in  the  body  itself  through  its  ovm  activity  {metabolic  poisons).  The  place  of 
origin  of  these  substances  is  in  part  the  intestinal  tract  (enterogenous 
poisons),  and  partly  the  tissues  (histogenaus  poisons).  The  cause  of  the 
poisonous  action  of  these  products  of  metabolism  lies  partly  in  the  fact 
that  they  are  produced  in  an  increased  amount  or  are  retained  within  the 
body  as  a  result  of  disease  of  certain  glands ;  partly  also  that  they  are 
not  ti-ansformed  to  non-poisonous  bodies,  as  is  the  case  under  nonnal 
conditions.  In  conditions  of  disturbed  metabolism  poisons  foreign  to 
the  normal  body  may  be  produced. 

A.  fifth  method  by  which  the  animal  or  human  organism  may  be  injui-ed 
is  the  production  of  symptoms  of  disease  through  the  impairmetit  and  lorn 
of  function  of  those  glands  producing  an  internal  secretion  which  is  of  impor- 
tance to  the  organism.  In  this  category  belong  especially  the  thyroid, 
hypophysis,  pancreas,  adrenals,  liver,  and  sexual  glands.  Since  in  the 
disease  of  the  glands  just  named  intoxication  plays  also  an  important 
role,  this  group  of  processes  is  closely  connected  with  that  of  the  fouiHi 
mode  of  generalization  of  disease. 

11.  rietastasls  and  Embolism  and  Their  Significance  In  the  Etiology 
of  Lymphogenous  and  Hematogenous  Diseases. 

§  20.  The  transport^ition,  through  the  blood  or  lymph-stream^  of  a  disease- 
producing  agent,  and  the  production  of  disease  at  the  point  of  dejmsit  of  such 
agent,  is  termed  metastasis.  This  is  one  of  the  most  common  modes  of 
the  spread  of  disease  throughout  the  body.  Ordinarily  the  term  metas- 
tasis is  applied  particularly  to  those  cases  in  which  the  transportation  of 
a  given  substance  is  followed  by  easily  recognizable  clinical  and  anatom- 
ical manifestations  of  disease,  esi>ecially  those  of  inflammation  or  tumor- 
formation,  so  that  we  are  accustomed  to  speak  of  metastatic  inflammations 
and  metastatic  tumors,  Thei*e  is,  however,  no  good  reascm  for  not  includ- 
ing also  under  metastasis  those  cases  of  transportation  of  corpuscular 
elements  through  the  lymph  or  blood  stream  in  which  the  changes  pro- 
duced by  the  transportation  are  less  striking,  and  are  recognizable  only 
through  a  more  careful  anatomical  or  microscopical  investigation. 

The  term  metastasis  indic^ites  further  that  the  substance  deposited  has 
arisen  from  some  other  known  place  within  the  body.  If  the  source  of 
the  transported  material  is  not  known,  or  at  least  cannot  be  definitely 
located,  we  are  accustomed  to  speak  of  lymphogenous  and  hematog- 
enous deposits  and  diseases.  The  same  designation  is  also  applied  to 
deposits  of  known  origin. 

The  significance  of  metastasis  is  in  all  cases  dependent  upon  the 
properties  of  the  transported  body.  Insoluble  bland  foi-eign  bodies  of 
small  size  may  have  little  effect  upon  the  tissue ;  soluble  and  chemically 
active  substances  may,  on  the  other  hand,  produce  important  tissue 
changes.  Bacteria  capable  of  reproduction  may  give  rise  to  a  disease 
which  corresponds  in  general  to  that  produced  at  the  primary  focus  of 
infection.  Tumor-cells  capable  of  growth  may  develop  into  a  secondary 
tumor.  The  size  of  the  transported  body  is  of  essential  importance  in 
hiematogenous  metastasis,  in  that  small  bodies  may  pass  all  the  blood- 
vessels, even  the  capillaries,  while  larger  ones  will  be  carried  only 
through  those  vessels  whose  lumen  is  sufficiently  large  to  admit  them. 
When  the  latter  have  by  any  means  obtained  entrance  to  the  arteries  of 
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the  greater  or  lesser  circulation  aud  are  carried  along  by  the  blood- 
stream, they  will  become  lodged  at  those  divisions  of  the  vessels  where 
the  vessel-himen  is  too  small  to  admit  them,  and  will  thereby  more  or 
less  completely  obstruct  the  vessel.  This  occurrence  is  designated  by  the 
special  term  embolism ;  the  body  blocking  the  vessel  is  called  an  em- 
bolus or  a  vessel-plug  (Fig.  2,  b,  c).  The  effect  of  embolism  is  in  gen- 
eral the  more  or  less  complete  obstruction  of  the  vessel,  partly  through 
the  embolus  itself,  partly  through  an  associated  coagulation  of  the 
blood.  As  a  result  of  such  obstruction  there  is  an  interference  with  the 
circulation,  which  may  vary  greatly  in  different  cases,  in  that  behind  the 
point  of  obstruction  there  may  be  established  either  a  complete  or  partial 
compensatory  circulation,  or  in  other 
cases  such  a  compensation  may  be  en- 
tirely wanting.  When  the  compensa- 
tion is  incomplete  or  wholly  absent, 
the  area  of  tissue  supplied  by  the  ob- 
structed vessel  undergoes  degeneration 
or  dies. 

Both  lymphogenous  aud  hsBmato- 
geuous  metastasis  usually  occur  in  the 
direction  of  the  normal  current,  but 
under  special  conditions  a  transporta- 
tion in  the  opposite  direction  may  take       fio.  2.-MultIple  emboU  in  the  branches  of 

place-retrograde  metastasis      Such  S?bri"?iSe"^a'rfS^n'Sl,'-™tr^n.gi.i^s1 

a  change  of  current  in  the  lymph- vessels    c,  embolua  with  secondary  thrombosis. 

occurs    when    the    normal    escape    of 

lymph  from  the  region  involved  is  hindered  through  stoppage  of  the 
lymphatics,  and  the  lymph  is  forced  to  seek  other  outlets.  A  similar 
condition  may  occur  in  circumscribed  areas  of  the  peripheral  blood- 
vessels. In  this  way  clots  arising  in  the  right  heart  or  in  the  large 
veins  of  the  body  inaj'^  be  transported  into  the  i)eripheral  veins ;  par- 
ticularly under  conditions  in  which  there  occur  backward  -waves  of 
blood  which  gradually  force  the  clots  back  into  the  smaller  veins. 
According  to  the  experimental  investigations  of  Arnold  upon  dogs, 
foreign  bodies  (wheaten  grits),  which  were  too  large  to  pass  the  capil- 
laries, when  introduced  into  the  jugular  or  crural  veins,  as  well  as  into 
the  longitudinal  sinus  of  the  dura  mater,  were  carried  by  retrograde 
metastasis  not  only  into  the  main  trunks,  but  also  into  the  smallest 
branches  of  the  veins  of  the  liver,  kidneys,  heart,  extremities,  dura 
mater,  pia  mater,  and  orbit,  as  well  as  into  the  posterior  bronchial  veins. 

In  the  case  of  a  defect  in  the  septum  of  the  heart,  bodies  circulating 
in  the  blood  may  pass  directly  from  one  side  of  the  heart  to  the  other, 
aud  thereby  give  rise  to  a  crossed  or  paradoxical  embolism. 

§  21.  The  substances  which  may  be  transported  in  the  process  of 
metastasis  may  be  conveniently  divided  into  six  groups,  this  classiMca- 
tion  being  based  partly  upon  the  origin,  i>artly  upon  the  character  of  the 
transported  body,  and  partly  upon  the  effects  of  the  metastasis. 

In  the  first  group  are  placed  insoluble  lifeless  substances  cx)mposed  of 
very  small  particles,  which  enter  the  body  from  without,  and  which  may 
be  designated  collectively  as  dust.  The  majority  of  these  substances 
enter  the  body  in  the  respired  air,  and  pass  from  the  lungs  into  other  tis- 
sues. A  smaller  part  may  enter  the  tissues  directly  through  accidental 
or  intentional  wounds  (tattoo).  Most  frequently  these  substances  are 
particles  of  soot,  coal-  and  stone-diLSt,  more  rarely  metal,  porcelain,  to- 
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Imceo,  hair  in-  uWwy  kinds  of  diisl.  In  tatloohi^  df  tlie  skin,  lampbhiok, 
India  iuk,  uUraiiiiiriue^  ciiujiibar,  and  other  ^n'lunilar  ])i^iiieots  are  used. 
The  In^haviin"  nf  the  tissues  ni'  the  Imdy  toward  .such  sul>staHees  wUl 
be  treated  i^f  else\vht*re ;  it  is  oidy  iieceKsary  to  meutioii  here  that  tliese 
forms  of  dust»  soiuetinies  iu  a  fnn'  state,  soiiietiuies  eueloai*d  within  eells, 
are  deposited  tii-st  in  the  tissues  nearest  the  jxnnt  of  entrance^  further  in 
the  lyuiph-vesselH  and  lymphatie  ^dands.  In  the  latter  hication  tliey 
may  remain  for  a  life-time;  but  in  ea.ses  of  exeessi\^e  deposit  they  uiay 
b<*  carried  beyond  the  lyuiph-glands,  espeeially  in  thos*^  instanees  iu 
whieh  the  ^hinds,  IjeeaiLse  of  the  ^reat  depusit,  undergo  softetnni^  and 
give  rise  to  iulhnumation  and  ]iroUlenitinn  of  the  tissnes  in  their  neigh- 
l>orliyotl.  Very  often  as  a  result  of  sin-h  (diani^es  the  afleetetJ  ghuuls  l>e- 
conie  eontlneid  with  and  break  into  neifj:htnuiug  veius.  This  event  is  es- 
pecially likely  to  luippeu  at  the  hiluut  of  the  limits,  whereby  the  contents 
of  the  ^laud  ultimately,  s^jmetimes  slowly,  at  other  times  itioi\.^  rapidly, 
gain  entrance  to  the  vessel  In un:*n  and  ai*e  carried  away  by  the  bluod- 
stn/am.  In  the  case  of  the  lun^^s,  dnst  may  be  deposited  directly  iu  the 
vesst'l-walls  and  gradnally  penetrate  as  far  as  lh(*  intima.  Further,  the 
particles  from  a  broken-down  lyuiph-glaud  can  apiin  cuter  the  lymjdi- 
stream,  aud,  it  not  again  ar rest e<l  by  some  lyiuphatie  gland,  may  reach 
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Fiti.  3-  rat-emb<illsrii  «if  the  Iuhrh  tFlemtnlii»^'«  stOuUon*  siirmnln),    o,  Arl**rl«s  m\vtl  ivJtli  blackened 
masses  of  fnt :  /^  fttUlnnileLs  lii  earnlliiHes;  v,  veins;  tt^  cells  in  tlHi^ulveolL    x  Itli. 

the  biood-stream.     It  is  also  eym-eivable  that  softened  lyinph-glands  may 
break  directly  into  the  thoracic  duct. 

As  nuutermis  experiments  liave  shown,  iiie  dnst  gaining  entnince  to  a 
111 oml- vessel  remains  but  a  very  shurt  time  in  tlie  circulation.  Lai'ge 
amounts  art  iiicially  intrt>dnced  into  u  vein  disaptJcar  in  a  few  hours  from 
the  circulating  blood.  The  greater  part  Cfdlects  in  the  capillaries  id'  I  he 
liver,  spleen,  and  bone-marrow,  pai  tly  free  and  partly  within  lencocytes, 
iu  the  former  case  adhering  to  the  surface  <d'  tlic  enilothelinm.  After  a 
short  time  the  lencocytes  containing  the  dust  particles  wander  ont  from 
the  vessels,  s*>  tluit  tlie  dust  (collects  umre  and  moj'e  in  the  tissnes,  where 
it  is  held  for  a  long  time,  partly  in  wandering-cells,  partly  iu  tixe*!  cells, 
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aiiil  partly  free,  and  lunier  oertaiu  conditions  may  reiuaiii  ]wve  diiiiu^ 
tlic  lifetime  of  the  iiidividiutL  In  tlii*  mtniii  time*  ii  pait  is  rarrieil  in  the 
lymphatirs  t<»  otber  re^iions  siiid  tlicrt*  dci>nsitcd,  partifidurly  in  the  por- 

^lal  uiul  creliae  lympb-^lamJs.      Aemrdiiig  to  I  he  resean^irs  of  Kiiiikel  and 

lielRd,  still  other  cells  containiiijx  dust-particles  may  reach  the  surface  *>f 

the  body -cavities,  either  throu|jcl»  the  ea|jillaries  of  the  Inn^s,  the  paren- 

cbyma  of  the  tonsils,  hikI  probably  also  from  tlie  lymphoid  tissue  of  the 

Qtestine.s  and  in  this  way  bedischarjj;ed  externally.     From  the  Hver  the 

'dust -part  ides  may  be  pxssinl  out  in  the  bile-  Accoi-ding  to  oljser  vat  ions 
whieU  may  be  not  infrequently  made  on  intiann-d  rngans,  wandering 
leucm'yte.s  are  able  to  take  up  a  great  niindjer  of  the  particles  lying  in 
the  tissues  and  transpoil  them  front  the  lun^s,  intestinal  tract,  and  other 
orgiiDS  to  the  surfiu'c,  antl  in  this  way  clear  the  tissues. 

The  second  group  is  composed  r if  portions  of  the  body  itself ,  which 

|Oeeasinnally    juay    be   trans[>ortcd    thronj^h    the    bltJod-stream ;  nanndy, 

'tis5ue*detritus,  parenchymatous  cells,  and  dead,  coai^ulated,  and 
t»roken-up  constituents  of  the  blood.  Of  tlie  elements  arising  fmm  the 
destruction  of  tissue,  fat-droplets  (Fig.  :3,  n,  h,  and  Fig.  4,  a, />)  most 
often  tind  their  way  into  the  circulation ;  particularly  wlien  through 
trauma  or  some  other  pathological  process,  as,  for  exsrinple,  hamiorrhage, 
the  tissues  are  destroyed.  This  occui-s  most  frequently  in  eases  of  erush- 
ing,  destruction,  and  violent  agitation  of  fatt  issue,  as  may  happi^n  in 
the  ease  of  the  different  pamiiculi  a^liposi  and  tlie  bone- marrow;  but  fat 

.lEay  also  enter  the  circulating  blood  througii  destruction  of  liverdissne. 

[The  ]>arenehymatous  cells  most  frequently  entering  the  circulation  are 

Uit'frt'ftls,    Hi/ncytitil    plarenki-ceUK,   pmiiom   of   vhormne   rilli,   and    bofip- 
vmrrow  effh,     (h'dinarily  these  are 
rarrie<l  into  the  pulmonary  arteries 
ami  capiUaries,  but  through  relro- 

gnide      metitstiusis     they     may    l>e       HKHP  ^^f^Ji 

rarriiHl  into  tlie  veins,  and  through 
jiuradoxieal  emfiolism  into  the  ar- 
teries and  capillaries  td' tlie  system- 
ic «*ircnlatiojk     Emtiolism  of  liver- 

^  cells  and  bone  marrow  giant-cells  is  K^d^^'    ^  *^fr' 

^  catised  l>y  trrunnatic  and  toxic  in- 
juries and  hiemnrrhages  i»f  the 
affeeted  tissues,  riaccntal  -  cell 
emlMdi,  iu  the  form  of  syncytial 
Uiant  -  cells,    have   l>een    observed 

iespeidally  iu  jnierperal  eclampsia, 
hut    occur    alstj    in    the   i'oui'sc   of 

iiomial  pregnancies.  Pulmonary  eml>oli  of  small  portions  of  the  chori- 
onic villi  have  als4)  been  observed*  In  diseased  conditions  of  tlie  intiiui*  of 
the  heart  or  bhM»d-ves««yis,  (hyenrntUd  rndMefium,  hntkeitdown  and  drgen* 
rmttJ  inaMJifM  of  ronnedln'  fisjoir  of  thr  iufimiif  porUonH  fff  the  rnh-frS,  ami 
material  of  similar  nature  may  gain  entrance  t<»  the  blood-streani.     Fnu/- 

^mmfM  ujal  dimnUgrated  poiiioiuK  f//*W*jor?  rf>r/)/(/«c?/^^  nniy  enter  the  circula- 
tion fi*om  ha*morrhagie  foci  or  nuiy  arise  vTithin  the  veHs*ds  tlieniscdves, 
in  the  ea-se  of  degenerative  changes  prmlured  iit  the  blood  through  the 
in  tine  nee  of  various  harnifnl  agents,  t'oagnlated  mnmeH  of  bfm)d  enter 
the  circulation  when  a  thrombus — i.e, ,  blood  coagulated  in  the  vessels 
(sei'  Chapter  IV/) — breaks  loos4\  either  ///  (oto  or  in  fragnieids. 

The  fate  <d"  the  Uist-named  substances  is  tor  the  chief  part  dependent 
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BoluUori,  Bu/ranlnK    a,  ^TkniJ^Tull  wltli  fat  ttj  the 
4-upOl4irK*!i :  />,  fut-itrijpleta  in  the  Ititertubtibr  mpll* 
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upon  their  size  and  physical  properties.  All  fragments  of  much  greater 
diameter  than  the  lumen  of  the  capillaries  become  lodged  in  the  bifurca- 
tions of  the  arteries  (Fig.  2,  a,  b)  and  usually  occlude  the  same.  This 
occurs  most  frequently  in  the  case  of  dislodged  thrombi  or  of  fragments 
of  such ;  on  the  other  hand,  fat-droplets  usually  pass  into  the  capillaries, 
where  part  remain,  while  others  pass  through  and  later  become  lodged  in 
some  other  place.  Since  the  fat  occasionally  passes  first  into  the  veins 
of  the  body  and  thence  to  the  heart,  tue  fat-droplets  coUect  especially 
in  the  capillaries  of  the  lungs  (Fig.  3,  ft) ;  but  they  may  also  pass  through 
the  lungs  into  the  capillaries  of  the  greater  circulation,  and  are  then 
found  especially  in  the  intertubular  and  glomerular  capillaries  of  the 
kidneys  (Fig.  4,  a,  ft),  and  also  to  some  extent  in  the  capillaries  of  other 
organs.  Capillary  fat-embolism  causes  a  noticeable  disturbance  of  the 
circulation  only  when  of  extensive  occurrence ;  in  this  case  it  may  lead 
to  the  production  of  oedema  of  the  lungs.  Furthermore,  the  fat  disap- 
pear in  the  progress  of  metabolism,  or  is  conveyed  into  the  neighboring 
tissues. 

Parenchymatous  cells  (in  so  far  as  the  entrance  into  the  circulation 
of  small  living  cells  of  the  ehanicter  of  lymphocytes  and  myelocytes  is 
not  concerned)  become  lodged  in  the  capillaries  or  smaller  arteries  in 
the  case  of  arterial  metastasis.  The  latter  is  especially  true  of  liver-cells 
when  entering  the  cipculation  en  masse.  At  the  place  of  lodgment  their 
presence  may  lead  to  a  heaping-up  of  blood-plates  and  a  hyaline  coagula- 
tion. The  cells  themselves  do  not  multiply,  but  they  may  remain  pre- 
served for  a  certain  length  of  time,  according  to  Lubarsch,  as  long  as 
three  weeks.  They  then  gradually  die,  the  protoplasm  dissolves,  the 
nuclei  swell  or  shrink,  and  finally  lose  their  chromatin. 

The  point  of  lodgment  of  loosened  thrombi  or  fragments  of  thrombi 
depends  upon  the  path  which  they  take,  as  well  as  upon  their  size. 
Since  thrombi  may  be  formed  in  the  systemic  veins,  right  heart,  and 
pulmonary  arteries,  as  well  as  in  the  pulmonary  veins,  left  heart,  and 
systemic  arteries  (see  Chapter  IV. ),  it  is  possible  for  embolism  to  occur 
in  any  of  the  arteries  of  the  greater  or  lesser  circulation.  Very  often 
the  emboli  iodge  at  the  bifurcation  of  arteries,  forming  the  so-called 
riding  or  straddling  emboli  (Fig.  2,  c).  Through  retrograde  metastasis 
emboli  may  be  carried  from  the  vente  cavie  or  larger  veins  into  the 
smaller  veins.  Defects  in  the  septum  of  the  heart  nuiy  lead  to  the  pro- 
duction of  a  paradoxical  embolism. 

Small  fragments  of  thrombi,  dead  red  blood-cells  or  fragments  of 
such,  endothelial  cells  undergoing  disintegration  or  fatty  degeneration, 
etc.,  meet  the  same  fate  as  dust-particles.  They  may  remain  free  or  be 
taken  up  by  cells;  they  are  soon  removed  from  the  circulation  and  col- 
lect especially  in  the  spleen,  liver,  and  bone- marrow,  where  they  un- 
dergo further  changes  and  are  destroyed.  The  products  resulting  from 
the  destruction  of  red  blood-cells  may  persist  for  a  long  time  in  the  or- 
gans named,  as  colored  deposits. 

The  third  group  of  substances  producing  metastases  is  composed  of 
living  cells,  which,  originating  from  proliferating  tissue-foci  and  hav- 
ing gained  entrance  to  the  circulation  through  direct  rupture  into  the 
blood-vessels,  or  having  entered  the  lymphatics,  are  carrried  to  other  or- 
gans. This  process  may  be  observed  in  the  case  of  tumors  growing  by 
infiltration.  The  metastasis  of  living  cells  from  such  a  tumor  leads 
through  the  proliferation  of  the  transported  tumor-cells  to  the  produc- 
tion of  metastatic  daughter-tumors,  which  in  the  case  of  lymphogenous 
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metastasis  develop  first  in  the  lymph- vessels  and  lymph-glands,  but  in 
the  ease  of  direct  rupture  int«  the  blood-vessels  arise  in  that  part  of  the 
vascular  system  to  which  the  tumor-cells  are  carried  by  the  blood.  The 
metastasis  usually  occurs  in  the  normal  direction  of  the  blood-  and  lymph- 
streams,  but  retrograde  transporfation  may  also  occur,  whereby  a  tumor 
which  has  broken  into  one  of  the  systemic  veins  may  give  rise  to  metas- 
tases in  the  region  drained  by  smaller  branches  of  other  systemic  veins. 
Retrograde  metastasis  is  not  infrequently  observed  in  the  lymphatic  sys- 
tem, when  closure  of  the  efferent  lymph-channels  has  produced  a  change 
in  the  direction  of  the  lymph-current. 

In  the  fourth  group  may  be  placed  all  those  processes  characterized 
by  the  entrance  of  vegetable  or  animal  parasites  into  the  circulation. 
If  under  such  circumstances  these  organisms  do  not  find  conditions  suit- 
able for  their  development,  they  are  quickly  eliminated  from  the  blood- 
stream and  destroyed  under  the  influence  of  metabolic  processes.  But 
if  they  are  able  to  reproduce  themselves  anywhere,  they  will  give  rise  to 
the  production  of  metastatic  foci  of  Infection,  which  are  located  partly 
in  the  vascular  system,  but  also  partly  extending  thence  into  the  neigh- 
V>oring  tissues.  The  secondary  foci  in  the  case  of  bacterial  invasion 
have  in  general  the  same  character  as  that  of  the  primary.  If  an  em- 
bolus contains  organisms  capable  of  producing  tissue-necrosis,  inflam- 
mation, and  putrid  decomposition,  there  will  occur,  along  with  the 
embolism  and  the  accompanying  disturbances  of  circulation,  suppuration 
and  sloughing — that  is,  there  will  be  a  repetition  of  the  same  processes 
occurring  at  tlie  original  seat  of  infection. 

As  the  fifth  group  of  metastatic  processes  may  be  classed  together 
those  cases  in  which  constituents  of  the  human  body  havlns:  under- 
gone solution  are  transported  in  the  soluble  state  and  again  deposited 
in  a  solid  form  ;  and  also  those  in  which  extrinsic  substances  are 
taken  up  by  the  body  In  a  soluble  form  and  are  then  deposited  In  the 
tissues  In  a  solid  state.  Of  the  first  class  there  occurs  most  frequently 
the  entrance  of  bile-pigment  into  the  circulation  within  the  liver,  so  that 
this  may  permeate  through  the  most  varied  tissues,  and  give  to  them  a 
yellowish  color  (icterus).  Not  infrequently  iron-contmning  derivatlveH 
arising  from  the  destruction  of  red  blood-cells  in  the  circidation  are  carried  to 
the  spleen,  bone-marrow,  liver,  and  kidneys  and  form  there  pathological 
deposits  of  iron  (hsematogenous  siderosis).  Fat  can  be  split  off  from  the 
fat  dep6ts  in  the  form  of  soluble  soaps  and  carried  through  the  blood  to 
different  organs  where  it  is  again  taken  up  by  the  cells  and  changed  into 
neutral  fat. 

When  preparations  of  silver  are,  for  medicinal  purposes,  introduced 
into  the  body  through  the  gastro-intestinal  tract  for  long  periods  of  time, 
there  may  occur  a  deposit  of  fine  granules  of  silver  in  the  connective  tis- 
sue of  the  skin,  in  the  glomeruli,  medullary  pyramids  of  the  kidneys, 
intima  of  the  large  arteries,  adventitia  of  the  small  arteries,  in  the  neigh- 
borhood of  mucous  glands,  connective  tissue  of  the  intestinal  villi,  in  the 
choroid  plexus  of  the  cerebral  ventricles,  and  in  the  serous  membranes. 
Tissues  showing  such  a  deposit  have  a  grayish-brown  color. 

The  fact  that  the  epithelial  tissues  and  the  brain  are  not  aff"ected 
shows  that  there  is  a  selective  action  on  the  part  of  the  tissues,  and  that 
this  selective  action  diff'ers  evssentially  from  that  which  is  seen  in  the  case 
of  a  metastatic  deposit  of  corpuscular  elements.  It  may. therefore  be  as- 
sumed that  the  chemico-physical  character  and  the  functional  activity  of 
the  tissues  coming  into  contact  with  substances  in  solution  exert  a  deter- 
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miiiiug  influence  upon  the  separation  and  precipitation  of  sneh  sub- 
stances. 

As  a  sixth  group  of  metastatic  processes  may  be  classed  the  entrance 
of  air  into  the  circulation.  If  in  any  manner  a  large  amount  of  air 
Stains  entrance  to  the  right  heart,  an  event  which  occurs  especially 
in  cjise  of  injury  to  the  large  veins  lying  in  the  neighborhood  of  the 
thoracic  cavity,  or  more  rarely  from  the  opening  of  a  vein,  for  example, 
of  a  stomach-vein,  through  ulcerative  processes,  the  air  mingling  with 
the  blood  forms  a  foamy  mass,  which  the  contractions  of  the  heart  are 
scarcely  able  to  drive  onward.  As  a  result  the  left  heart  receives  little 
or  no  blood,  the  aortic  pressure  falls,  and  the  affected  individual  quickly 
dies.  Should  the  air  enter  the  circulation  in  small  amounts  or  intermit- 
tently, it  may  be  carried  by  the  blood-stream  in  form  of  air-bubbles  and 
circulate  through  the  entire  body.  I^arger  amounts  may  lodge  for  a  time 
in  the  vessels  of  the  major  or  minor  circulation,  obstruct  their  lumen, 
and  cause  disturbances  of  the  circulation,  which  may  give  rise  to  func- 
tional disturbances  of  the  brain  and  respiration.  If  these  conditions  do 
not  caiLse  death,  the  air  is  after  a  time  absorbed. 

If  the  lung-tissue  be  ruptured  through  trauma  or  through  violent 
coughing,  screaming,  or  vomiting,  etc.,  air  may  be  forced  into  the  con- 
nective-tissue spaces  and  lymphatics,  and  may  extend  through  these 
into  all  parts  of  the  lungs,  pleural,  and  the  mediastinum,  as  well  as  into 
the  skin.  The  conditions  thiLs  produced  are  termed  emphysema  of  the 
skin,  of  the  subcutaneous  tissue,  of  the  mediastinum,  etc.  Under  cer- 
tain circumstances  the  air  may  spread  through  a  large  area  of  the  sub- 
cutaneous lymph-vessels  and  connective-tissue  spaces,  whereby  the  skin 
presents  an  inflated  appearance  and  when  pressed  upon  produces  a 
crackling  sound. 

According,  to  SieM  and  Knnkel,  granules  of  cinnabar  and  indigo  injected  into  the 
bloodstream  of  a  frog  are  quickly  taken  up  by  leucocytes,  and  after  one  to  two  hours 
no  more  free  granules  are  to  be  found  in  the  circulating  blood.  After  twenty-four 
hours  the  leucocytes  couUiining  pigment-granules  have  disappeared  from  the  circula- 
tion, and  lie  for  the  greater  part  clumped  together  in  the  capillaries,  the  greatest  num- 
bers being  found  in  the  capillaries  of  the  spleen,  liver,  bone-marrow,  and  the  lungs, 
while  they  occur  in  smaller  numbt>rs  in  the  capillaries  of  the  kidneys,  and  in  still  smaller 
numbers  in  the  capillaries  of  the  heart-mus<:le. 

Even  after  two  hours  free  pigment  and  cells  containing  granules  are  found  outside 
of  the  vessels,  and  after  a  few^  days  they  have  almost  wholly  disappeared  from  the  ves- 
sels. The  granules  lie  then  partly  in  wandering-cells,  partly  in  fixe<l  cells,  as  well  as 
in  the  free  cells  of  the  splenic  pulp  {P>*njick)  and  bone-marrow.  They  may  be  found 
in  these  organs  for  weeks  afterward  {Hojfmnuu,  Laugerhanti).  In  both  frogs  and  dogs 
some  of  the  granule-containing  cells  find  their  way  into  the  lumen  of  the  alveoli  and 
bronchioles  and  so  pass  out  of  the  body.  In  the  liver  the  pigment-particles  for  the 
greater  part  adhere  for  a  short  time  to  the  endothelium  of  the  liver-capillaries  and 
may  be  taken  up  by  the  endothelial  cells  (  Browicz,  Heim) ;  another  part  is  found  in 
leucocytes,  which  later  wander  out  from  the  vessels  into  the  tissues.  Thence  they  are 
for  the  greater  part  taken  up  into  the  lymphatics  of  the  liver  and  ultimately  reacli  the 
Ivmph-glands.  A  par!  of  the  gmnules  finally  pass  out  with  the  bile,  but  by  what 
course  they  reach  the  bile-vesst»ls  is  not  known.  In  clogs  the  pigment-granules  also 
collect  in  the  tonsils  and  are  carried  to  the  surface  through  the  epithelium  by  the 
leucocytes  which  have  taken  them  up. 

According  to  the  observations  of  Jadasstphn  (**  Pigmentverschleppung  aus  der 
Haut,"  Arch.f.  D^rm.,  24 Bd.,  1892)  and  .%Amor/("Pigmentverschleppungau8dernaut,'' 
Centralbl.  f.  allg.  Path.,  4Bd.,  1893),  both  normal  and  pathological  pigment  may  be 
transported  from  the  skin  to  the  lymph-glands— in  other  words,  a  pigment  metastaHt 
may  take  place.  ,     .      , 

According  to  f^trin  {Arch.f.  exp.  Path..  40  B<1..  1897),  if  the  outflow  of  unne  from 
the  bladder  be  hindered,  small  foreign  bodies  can  pass  into  the  kidney-pelves,  and 
thence  into  the  urinary  tubules,  lymph-vessels,  and  veins,  and  into  the  general  circula- 
tion. 
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in.  The  Sequels  of  Local  Organic  Disease. 

§  22.  Secondary  diseases  which  arise  as  the  results  of  patho- 
losrical  conditions  of  individual  orfi:ans  occur  with  great  frequency  as 
the  result  of  pathological  changes  in  the  blood  and  circulatory  apparatus. 

The  circulatory  apparatus  and  the  blood  therein  contained  t)ear  cer- 
tain relations  to  all  the  body-tissues,  and  accordingly  diminution  in 
amount  and  pathological  alterations  of  the  blood,  as  icell  as  changes  in  the 
blood- vessels,  often  give  rise  to  diseased  conditions  of  this  or  that  tissue 
or  of  the  entire  organism.  If  the  ha>iuoglobin-content  of  the  blood  is 
decreased  through  a  diminution  in  number  of  the  i*ed  blood-cells 
(oligocythaemia),  or  through  a  pathological  condition  of  the  same,  or  if 
the  haemoglobin  through  the  action  of  carbon  monoxide  is  rendered  in- 
capable of  taking  up  the  oxygen  of  the  air,  the  body-tissues  will  no 
longer  receive  a  normal  amount  of  oxygen ;  consequently  there  will  arise, 
in  case  the  amount  of  oxygenation  falls  below  a  certain  point,  disturb- 
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ances  of  nutrition,  as  the  results  of  which  there  occur  very  frequently 
eouditious  of  fatty  degeneration,  and  under  certain  circumstances  death 
through  paralysis  of  the  nervous  centres. 

Should  an  artery  become  narrowed  or  closed  through  thrombosis  or  em- 
bolism, or  thickenings  of  its  walls,  as  in  the  case  of  the  arterial  disease 
known  as  arteriosclerosis,  there  will  arise  in  the  region  supplied  by  the 
affected  vessel  a  local  deficiency  of  food-supply  and  oxygen,  local  as- 
phyxia, and  later  degenerative  processes,  which  frequently  end  in  the 
death  of  the  specific  parenchymatous  elements,  at  times  also  of  the  con- 
nective-tissue framework. 

In  the  brain  and  spinal  cord  the  vessel -changes  lead  to  ischsemic  proc- 
esses of  softening,  which  frequently  result  in  paralysis,  and  not  rarely 
in  death.  In  the  heart  there  results  a  diffuse  fatty  degeneration  or  local 
softening  of  the  heart-muscle,  giving  rise  to  disturbances  of  cardiac  ac- 
tivity or  often  even  to  complete  insufficiency.  In  the  kidneys  the  secret- 
ing glandular  parenchyma,  together  with  a  portion  of  the  connective 
tissue,  undergoes  necrosis  or  atrophy;  and  the  loss  of  these  substances 
gives  rise  to  local  or  widespread  contnictions,  which,  according  to  their 
origin,  are  designated  as  embolic  or  arteriosclerotic  atrophies. 

In  the  stomach  ischaemia  of  the  mucous  membranes  gives  rise  to  local 
ulcerations;  in  the  liver  and  muscles  to  atrophic  conditions.  No  tissue 
can  withstand  the  harmful  effects  of  a  long-continued  anaemia,  and  con- 
sequently the  narrowing  and  closure  of  arteries,  through  the  formation 
of  clots  or  through  changes  in  the  vessel-walls,  play  a  very  important 
role  in  pathology ;  and  are  not  only  the  causes  of  ancemic  necrosis  (see 
Chapter  V.)  and  Jiwmorrhagic  infarction  (see  Chapter  IV.),  but  also  of 
numerous  progressive  atrophies  of  organs.  In  the  pathogenesis  of  the  last 
named,  arteriosclerasis  has  an  especially  important  part,  since  in  old 
age  it  is  of  very  common  occurrence,  and  gives  rise  to  tissue-degenera- 
tions in  organs  of  the  most  diflFerent  structure.  As  evidences  of  such 
degenerative  processes,  the  majority  of  the  affected  organs  show  later 
areas  of  scar-tissue,  in  which  the  specific  parenchyma  has  disappeared 
while  the  connective  tissue  has  increased. 

The  active  participation  of  the  vascular  apparatus  in  all  inflamma- 
tory processes  (see  Chapter  VIL),  the  disturbance  of  circulation  through 
the  alteration  of  the  vessel-walls,  the  shifting  and  changes  of  the  vascular 
channels  which  result  from  the  closure  of  old  vessels  by  proliferation  of  en- 
dothelium or  through  tltrombosis,  as  well  as  from  the  formation  of  new 
vessels,  make  easily  comprehensible  the  fact  that  in  all  chronic  inflamma- 
tions the  si>ecific  cells  dependent  upon  a  regulated  nutrition  undergo 
d^eneration  and  are  frequently  replaced  by  connective  tissue  of  a  lowei 
grade  than  normal. 

A  profuse  watery  discharge  from  the  intestines  may  deprive  the  or- 
ganism of  watcE.  K,  as  a  result  of  stenosis  of  the  oesophagus  or  pylorus, 
a  sufl&cient  amount  of  food  is  prevented  from  entering  the  intestinal 
tract,  or  if  the  stomach  and  intestine  are  no  longer  able  to  digest  the 
food  brought  to  them  and  to  prepare  it  for  assimilation  into  the  body 
juices,  the  organism  as  a  whole  becomes  poorer  in  albumin  and  fat. 

If  the  heart  is  no  longer  able  to  force  onward  with  normal  strength 
the  blood  coming  to  it,  there  will  arise  in  various  organs  changes  due  to 
venous  stasis.  If  the  respiration  is  hindered  or  imperfect,  the  composi- 
tion of  the  blood  suffers  changes.  Collection  of  fluid  in  the  thoracic 
cavity  causes  compression  of  the  lungs;  interference  with  expiration, 
with  free  inspiration,  leads  first  to  distention  of  the  lung  and  later  to 
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atrophy.  If  a  part  of  the  lung  has  been  rendered  useless  by  chronic  in- 
Hammatiou,  the  inspiratory  enlargement  of  the  thorax  affects  only  that 
portion  of  the  lung  which  is  capable  of  functionating,  and  this  part  be- 
comes over-distended  and  in  consequence  finally  atrophic. 

Diseases  of  the  parenchyma  of  the  liver  often  give  rise  to  disturbances 
of  the  circulation  of  blood  through  the  organ,  and  stasis  throughout  the 
portal  circulation  with  resulting  ascites.  Should  the  pancreas  be  de- 
stroyed or  if  it  is  no  longer  able  to  produce  its  ferments  (proteolytic 
trypsin,  amylolytic  diastase,  and  the  fat-splitting  and  emulsifying  steap- 
siu)  there  results  an  imperfect  metabolism  of  albumin,  carbohydrates, 
and  fat. 

Hindrance  to  the  outflow  of  urine  from  the  ureters  renders  difficult  the 
secretion  of  the  kidneys  and  leads  to  their  atrophy.  The  loss  of  a  large 
portion  of  the  renal  parenchyma  is  followed  by  increased  blood-pressure  in 
tiie  aorta,  increased  action  of  the  heart,  and  hypertrophy  of  that  organ. 

An  increased  resistance  in  the  pulmonary  circulation  due  to  diseased  con- 
ditions of  the  lungs  is  often  followed  by  dilatation  and  hypertrophy  of 
the  right  heart.  Obstruction  to  the  flow  of  blood  through  the  aartic  opening 
leads  to  hypertrophy  of  the  left  ventricle.  Stenosis  and  insufficiency  of 
the  mitral  valve  cause  a  stasis  of  blood  backward  through  the  lungs  to 
the  right  heart.  This  may  be  compensated  for  through  hypertrophy  of 
the  right  ventricle,  or  may  extend  farther  back  into  the  veins  of  the  sys- 
temic circulation. 

An  oblique  position  of  the  pelvis  leads  to  curvature  of  the  spine.  Stiff- 
ness and  immovabiUty  of  a  joint  cause  atrophy  of  the  muscles  moving  the 
joint,  the  atrophy  being  due  to  inactivity. 

Diseases  of  the  nervaus  system  may  give  rise  to  functional  disturbances 
and  anatomical  changes  in  any  organ  of  the  body — in  glands,  muscles, 
skin,  bones,  lung,  heart,  intestine,  etc.  These  changes  are  to  be  referred 
partly  to  stimulation,  partly  to  inhibition  or  arrest  of  nervous  impulses, 
and  partly  to  amesthesia  (anaesthetic  tissues  being  especially  liable  to  in- 
jury). Destruction  of  the  large  ganglion-cells  in  the  anterior  horns  of  the 
spinal  cord  leads  to  the  atrophy  of  the  corresponding  peripheral  nerves 
and  muscles.  Paralyzed  extremities  become  atrophic.  Diseased  condi- 
tions in  the  region  of  the  respinitory  and  vasomotor  centres  lead  to  dis- 
turbances of  respiration  and  circulation.  After  injury  to  certain  por- 
tions of  the  medulla  oblongata,  after  concussion  of  the  brain  and  spinal 
cord,  through  the  presence  of  tumors  in  the  brain,  after  psychical  affec- 
tions, after  poisoning  of  the  nervous  system,  there  is  caused  under  certain 
conditions  a  rapid  withdrawal  of  the  glycogen  of  the  liver  into  the  blood- 
stream and  the  excretion  of  sugar  in  the  urine.  Stimulation  of  periph- 
eral nerves  may  produce  abnormal  reflex  sensations  and  movements  as 
well  as  circulatory  disturbances  in  other  parts  of  the  body.  Paralysis 
of  both  vagi  or  of  their  branches,  the  recurrent  laryngeal  nerves,  through 
inflammatoiy  changes  or  through  pressure  from  neighboring  lymph- 
glands,  etc.,  may  be  followed  by  inflanunation  of  the  lungs,  in  that  the 
accompanying  paralysis  of  the  laryngeal  muscles  favors  the  entmnce  of 
foreign  bodies  into  the  lungs  during  inspiration. 

The  so-called  trophoneurotic  diseases  of  the  tissues  are  not  meDtioned  above,  for 
the  reason  that  the  trophic  rehitioiis  of  the  nervous  system  to  the  individual  tissues  are 
not  yet  clear,  and  the  views  of  ditferent  authors  as  to  the  dependence  of  the  tissues  upon 
the  nervous  system  vary  greatly.  Many  authors  ascribe  to  the  trophic  action  of  the 
nervous  system  a  far-reaching  intluence  upon  the  conditions  of  the  tissues,  and  seek  the 
nerves  forming  the  connections  with  the  nerve-centres,  partly  in  the  motor,  secretory, 


AUTOINTOXICATION.  75 

seDSory,  and  reflex  nerves,  a ;  well  as  in  special  trophic  nerves.  Thus,  for  example, 
muscular  atrophy,  glandular  atrophy,  atrophy  of  the  bones  and  joints  (in  tabes  and 
syringomyelia),  different  pathological  conditions  of  the  skin  characterized  by  thinning, 
exfoliation  of  the  epithelium.  Toss  of  hair,  inflammations,  etc..  unilateral  tissue- 
atrophies,  necroses,  also  hypertrophic  proliferations  of  muscles,  glands,  skin,  or  bones, 
etc.,  are  all  referred  to  affections  of  the  nerves. 

It  cannot  be  doubted  that  both  degenerative  and  hypertrophic  tissue  changes  and 
inflammations  often  occur  as  sequelie  to  disturbances  of  innervation,  but  these  most 
probably  are  not  the  direct  result  of  the  removal  or  change  of  nerve-influences  affecting 
the  tissues,  but  are  rather  the  results  of  increa<^d  or  decreased  functional  activity  of 
the  tissue,  or  of  injuries,  inflammations,  or  disturbances  of  circulation,  which  have  de- 
velopi'd  in  connection  with  the  disturbances  of  innervation — for  example,  in  connection 
with  the  loss  of  sensibility.  Golz  and  EicaUl,  after  completely  destroying  the  thoracic 
and  lumbar  portions  of  the  spinal  cord  of  dogs,  were  able  through  great  care  to  pre- 
serve uninjured  the  skin  of  the  animals  thus  operated  upon;  they  are,  therefore,  op- 
posed to  the  theory  of  the  existence  of  trophic  centres  and  nerves. 
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IV.  Autointoxications  and  Disturbances  of  Internal  Secretion. 

§  23.  Autointoxication  or  self-poisoning  may  take  place  in  a 
variety  of  ways.  In  the  first  place,  poisonmis  products  of  metabolism  of 
normal  character  and  produced  in  normal  amounts  may  fail  of  proper  ex- 
eretion,  and,  being  carried  over  into  the  juices  of  the  body,  may  be 
retained  in  the  same.  Secondly,  the  physiological  production  of  poisonous 
substances  may  be  pathologimlly  increased.  Thirdly,  it  may  happen  that 
poisonous  products  of  metabolism,  which  normally  are  decompoMHl  and 
thereby  rendered  harmless,  may,  as  a  result  of  a  local  or  general  meta- 
bolic disturbance,  escape  such  destruction.  Finally,  it  may  also  happen 
that,  as  the  result  of  pathological  changes  or  cessation  of  the  functional 
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activity  of  certain  organs,  poisonous  substances  may  appear  in  the  blood  xind 
also  in  the  urine.  According  to  the  place  of  origin  poisons  may  be  classed 
as  enterogenous,  arising  in  the  intestine,  and  histogenous,  arising  in 
the  tissues. 

If  injurious  products  arising  from  the  decomposition  of  albumin  are 
retained  or  formed  in  excessive  amounts  in  the  intestinal  canal,  they  may  give 
rise  to  both  local  changes  and  a  general  intoxication.  For  example, 
through  the  action  of  the  bacteria  present  in  the  intestines,  the  suh 
phuretted  hydrogen,  arising  from  the  sulphur  of  albuminous  bodies,  may 
be  formed  in  such  amount  as  to  pass  into  the  blood  and  impart  its  char- 
acteristic odor  to  the  breath,  and  to  be  found  also  in  the  urine.  Further, 
those  toxic  substances  especially  which  arise  from  the  decomposition  of 
albumin  through  the  action  of  the  intestinal  bacteria,  when  taken  up 
into  the  blood  are  able  to  produce  symptoms  of  poisoning,  vomiting, 
headache,  vertigo,  stupor,  acceleration  and  weakening  of  cardiac  activity, 
etc.  This  action  of  toxins  is  especially  marked  in  those  cases  in  which 
there  is  fiecal  retention  or  when  the  stomach  or  pancreas  produces  little 
or  no  enzyme,  it  being  known  that  the  enzymes  have  a  neutralizing  action 
upon  certain  toxins  (see  ^  29).  It  is  also  probable  that  the  tetany  oc- 
curring rarely  in  dilatation  of  the  stomach  may  be  due  to  an  autointoxi- 
cation. 

If  the  function  of  the  kidneys  is  disturbed  to  such  a  degree  Viat  the  sub- 
stances conveiiible  into  urea  are  excreted  in  insufficient  qiunUity,  symptoms 
of  intoxication  may  manifest  themselves  as  the  result  of  the  retention  of 
these  substances.  These  symptoms  are  characterized  by  a  condition  of 
coma  interrupted  by  convulsions  and  by  disturbances  of  respiration — the 
symptoms  collectively  being  designated  as  urasmia.  According  to  von 
Limbeck,  the  retained  substances  have  a  narcotic  action,  the  first  eflFects 
of  the  narcosis  being  a  dulling  of  sensibility  and  insomnia.  It  has  not 
been  yet  been  determined  whether  the  toxic  effects  ai-e  due  to  a  single 
element  or  to  a  mixture  of  substances.  According  to  the  investigations 
of  Bohne,  it  is  very  probable  that  the  retention  of  chlorides  in  the  organ- 
ism plays  the  most  important  part  in  the  production  of  this  condition. 
Besides  the  products  of  normal  metabolism,  those  arising  in  the  course  of 
certain  diseases  (infections)  may  also  have  a  toxic  Jiction. 

Since  many  substances  are  excreted  by  way  of  the  intestines,  it  is 
possible  that  under  certain- conditions  a  disturbed  function  of  the  intestines 
may  render  it  difficult  for  the  organism  to  rid  itself  of  poisons  and  in 
this  way  lead  to  an  autointoxication,  coprcemia.  Likewise,  an  excessive 
accumulation  of  carbonic  acid  within  the  blood,  through  some  interference 
with  the  exchange  of  giuses  in  the  lungs,  may  cause  symptoms  of  poisoning. 

When  the  excretion  of  biie /row  the  liver  is  hindered  or  arrested,  through 
some  pathological  condition  in  the  bile-passages  or  in  the  liver  itself, 
the  elements  of  the  bile  are  taken  up  into  the  blood,  and  the  condition 
known  as  cholcemia  is  produced.  Both  the  biliary  salts  and  bile-pigment 
enter  the  blood,  and  their  presence  in  the  circulation  gives  rise  to  gen- 
ei-al  hissitude,  depression,  mental  exhaustion,  inclination  to  sleep,  slow- 
ing of  the  pulse-rate,  itching  of  the  skin,  and  abnormal  sensations  of 
hearing  and  taste.  The  effects  upon  the  heart,  muscles,  and  central  ner- 
vous system  are  ascribed  to  the  bile-salts.  These  also  possess  a  h(emo- 
lytic  action  upon  the  red  blood-cells.  According  to  Bickel,  ammonia- 
Siilts,  leucin,  and  phenol  must  also  be  taken  into  consideration  in  the 
explanation  of  the  symptoms. 

If  the  liver  has  undergone  marked  pathological  changes,  not  only  does 
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the  production  of  the  bile  as  well  as  that  of  sugar  and  urea  suffer,  but 
certain  substances  brought  to  the  liver  from  the  intestines  and  normally 
decomposed  l>y  this  organ  may  pass  through  it  unchanged.  Many  be- 
lieve that  at  least  the  severe  symptoms  (conditions  of  mental  excitement, 
delirium,  lethargy,  coma,  and  cerebral  paralysis)  which  occur  in  degen- 
erations of  the  liver  (icterus  gravis)  are  to  be  referred  in  part  to  the 
presence  of  such  substances  in  the  blood,  and  base  their  belief  upon  the 
fact  that  under  such  conditions  abnormal  substances  (ammonium  carbo- 
nate) appear  in  the  urine.  In  degenerations  of  the  pancreas,  large 
amounts  of  dextrose,  acetone,  and  aceto-acetic  acid  (see  §  25)  may  ap- 
pear in  the  blood  and  urine.  The  two  last-named  substances  have  a 
toxic  action,  and  many  are  disposed  to  ascribe  such  symptoms  to  a  dis- 
turbance of  pancreatic  function.  Finally,  after  degeneration  of  the 
thyroid  or  adrenals  (§§  25  and  26),  pathological  symptoms  arise  which 
possibly  may  be  explained  in  part  by  tlie  assumption  that,  as  the  result 
of  the  degeneration  of  these  organs,  poisonous  products  of  metabolism 
are  no  longer  destroyed. 

In  the  constitutional  disease  known  as  sout,  local  deposits  of  meta- 
bolic products,  in  the  form  of  urates,  give  rise  to  local  tissue-degenera- 
tions and  inflammations. 

The  condition  of  eclampsia  gravidarum  is  an  autointoxication  re- 
sulting from  pregnancy,  and  is  probably  due  to  poisons  originating  in  the 
foetal  placenta. 

The  term  autointoxication  is  not  used  with  the  same  significance  by  all  writers, 
many  of  them  giving  to  it  a  broader  meaning  than  the  one  given  above,  and  even  ap- 
plying the  term  autointoxication  to  certain  intoxications  caused  by  pathogenic  bacteria. 
In  justification  of  such  a  view  it  may  be  said  tliat  the  poisons  in  such  cases  arise  for  the 
greater  part  from  component  elements  of  the  body.  At  the  same  time  such  a  widen- 
ing of  the  significance  of  the  term  appears  to  me  inexpedient,  in  that  the  cause  of  the 
decomposition  lies  not  in  tlie  body  itself,  but  comes  from  without,  so  that  the  intoxica- 
tion is  the  result  of  a  preceding  infection.  It  seems  to  mc,  therefore,  to  be  more  correct 
to  apply  the  term  autointoxication  only  to  those  forms  of  poisoning  which  are  produced 
by  proiucts  of  metabolism,  either  under  the  influence  of  the  activity  of  the  body -cells 
or  through. the  activity  of  bacteria  constantly  present  in  the  intestine.  As  authoriza- 
tion for  including  the  poisoning  by  products  arising  from  intestinal  decomposition 
among  the  autointoxications,  I  draw  upon  the  fact  that  the  intestinal  bacilli  which 
cause  this  decomposition  are  constant  inhabitants  of  the  intestine,  and,  according  to  the 
investigations  of  Sehottelius,  are  indispensable  factors  in  the  processes  of  nutrition  of 
man  and  the  higher  vertebrates.  The  enterogenous  avtointaHeatumH,  which  are  caused 
by  these  intestinal  bacteria  and  which  occur  especially  in  childhood  through  retention 
of  the  intestinal  contents  (ileus)  or  in  acute  digestive  disturbances  (asthma  dyspep- 
ticum),  are  in  their  severe  forms  characterized  chiefly  by  disturbance  of  heart-action, 
small  and  frequent  pulse,  cyanosis,  coldness  of  the  extremities,  sunken  expression,  and 
lowering  of  the  body  temperature.  They  may  owe  their  origin  in  part  to  retention  of 
Intestinal  contents  in  this  or  that  portion  of  the  intestinal  tract,  and  in  part  to  changes 
in  the  products  of  decomposition  (formation  of  toxins)  depending  either  upon  the  es- 
pecial character  of  the  material  taken  into  the  intestines  (deficiency  of  carbohydrates, 
particularly  of  sugar,  favors  the  extension  into  the  small  intestine  of  processes  of  de- 
composition normally  confined  to  the  colon),  or  upon  a  change  in  the  virulence  of  the 
bacteria,  or  upon  a  deficient  production  of  enzymes.  It  is  not  always  possible 
in  such  cases  to  decide  whether  other  bacteria,  foreign  to  the  intestine,  are  not 
also  concerned  in  the  production  of  poisons.  The  appearance  of  cystin  in  the  urine  is 
to  be  regarded,  according  to  the  researches  of  Baumnnn  and  von  Udraiiski,  as  evidence 
of  especial  processes  of  intestinal  decomposition  resulting  in  the  production  of  diamins. 

The  hypothesis  that  puerperal  eclampsia  is  an  autointoxication  dependent  upon 
pregnancy  is  at  the  present  time  supported  by  the  majority  of  writers.  Clinically 
the  formation  of  toxic  substances  during  pregnancy  may  be  recognized  by  the  occur- 
rence of  nausea,  vomiting,  emotional  depression,  chorea,  hsBmoglobinuria.  albuminuria, 
and  finally  by  eclampsia.  The  anatomical  findings  in  women  who  have  died  of  eclampsia 
are  multiple  thromboses  in  the  smaller  vessels  and  capillaries,  and  focal  degenerations, 
usually  associated  with  haemorrhages  in  the  liver,  kidneys,  brain,  and  lungs.     In  the 
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iun^s  there  are  also  often  found  syncr^tial  cells  or  portions  of  the  chorionic  villi.  The 
fibrm-content  of  the  blood  is  markedly  raised.  Snould  the  child  die  (as  takes  place  in 
about  forty  per  cent  of  cases)  corresponding  chants  may  be  found  in  its  oi^ans. 

It  was  at  first  thought  that  the  place  of  origm  of  the  poison  was  in  the  maternal 
organism,  and  the  cause  was  sought  in  alterations  of  proteid  metabolism  in  which  the 
disturbances  of  function  were  at  one  time  located  in  the  kidneys,  at  another  time  in 
the  liver  or  in  the  thyroid.  Recently  the  view  has  been  advanced  that  the  intoxica- 
tion is  to  be  referred  to  products  of  the  placenta  (cytotoxins).  Veil  assumes  a  direct 
intoxication  through  placental  elements  which  takes  place  when  the  placental  toxin  can 
no  longer  be  rendered  inactive  through  the  formation  of  antitoxin  (syncytiolysin). 
On  the  other  hand,  Arcoli  believes  that  the  mother  produces  an  excess  of  syncytiolysin 
and  thereby  poisons  herself,  ^'eichart  thinks  that  there  are  formed  through  syncyti- 
olysis,  that  is,  the  solution  of  the  transported  placental  elements,  albumin  bodies 
(syncytiotoxins)  which  are  poisonous  to  the  mother.  At  the  present  time  it  cannot  be 
decided  which  one  of  these  hypotheses  corresponds  most  fully  to  the  actual  conditions. 

According  to  the  view  of  Bouchai'd,  autointoxications  are  caused  in  particular  by 
leuconiaYns— that  is,  by  the  earlier  products  of  retrogressive  metamorphosis  of  albumin- 
ous bodies,  which  normally  are  further  decomposed  in  the  process  of  intra-organic  oxi- 
dation until  they  reach  the  form  of  urea  and  are  then  excreted. 
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§  24.  If  a  gland  produces  an  internal  secretion — that  is,  if  it  gives 
to  the  lymph  or  the  blood  certain  substances  which  are  necessary  for  the 
normal  performance  of  the  functions  of  other  organs  or  of  the  organism 
as  a  whole — an  alteration  or  total  failure  of  this  function  will  cause 
more  or  less  important  disturbances  of  nutrition,  as  well  as  of  the  func- 
tional activity  of  other  organs  and  of  the  entire  organism.  Such  an  in- 
ternal secretion  is  ascribed  to  the  liver,  pancreas,  thyroid,  adrenals, 
thymus,  and  the  sexual  glands,  yet  our  knowledge  of  the  nature  of  these 
secretions  is  very  slight  and  hypothetical.  We  are  able  to  infer  the  in- 
fluence exerted  by  these  glands  upon  metabolism  and  the  life  of  the 
organism  only  from  the  disturbances  which  arise  when  the  glands  in 
question  become  diseased.  Among  the  most  important  of  the  diseases 
belonging  in  this  category  are  diabetes  meUitus,  thyreaprival  cachexiaj 
myxcedema,  cretinism ^  Addison^ s  disease,  and  the  functional  and  anatomical 
changes  occurring  in  the  body  after  castration.  In  a  certain  sense  it  is 
proper  to  consider  in  this  connection  asphyxia,  which  arises  from  a  fail - 
ure  of  the  lungs  to  perform  properly  their  function,  in  that  through  the 
functional  activity  of  the  lungs  the  requisite  amount  of  oxygen  is  sup- 
plied to  the  organism. 

Diabetes  mellitus  is  a  disease  which  is  characterized  especially  by 
the  presence  of  large  amounts  of  grape-sugar  in  the  urine  (glycosuria), 
accompanied  by  a  great  increase  in  the  total  amount  of  urine  secreted 
(polyuria),  and  often  also  by  a  pathological  increase  of  acetone  and  the 
excretion  of  aceto-acetic  acid  and  /5-oxybutyric  acid  in  the  urine.  At 
the  same  time  grape-sugar  and  these  acids  are  found  in  the  blood  and 
often  lead  to  a  diminution  of  its  alkalinity.  When  the  acid-content  of 
the  blood  is  high,  heiidache,  anxiety,  delirium,  fainting,  and  finally  a 
condition  of  loss  of  consciousness  (coma  diabeticum)  develop,  and  these 
conditions  are  probably  to  be  ascribed  to  an  acid-intoxication. 

The  entrance  of  sugar  into  the  urine  may  be  caused  by  too  great  an 
ingestion  of  sugar,  so  that  part  passes  into  the  urine  unchanged  (ali- 
mentary glycovsuria).  Glycosuria  may  also  follow  an  injury  to  certain 
I)ortions  of  the  medulla  oblongata  (puncture  of  Bernard),  or  as  the  result 
of  disease-processes  in  the  brain  (degeneration,  epilepsy,  mental  affec- 
tions, severe  psychical  disturbances,  tumors,  parasites),  or  of  certain 
forms  of  poisoning  (carbon  monoxide,  curare,  morphine,  strychnine, 
amyl  nitrite,  nitrobenzole),  in  which  the  liver  probably  gives  up  its  gly- 
cogen into  the  blood  more  rapidly  than  normal,  so  that  a  condition  of 
hyperglyc»mia  is  produced. 

Finally,  glycosuria  may  be  due  to  an  inability  on  the  part  of  the  kid- 
neys to  hold  back  the  small  amounts  of  glucose  found  normally  in  the 
blood,  a  phenomenon  which  may  be  produced  experimentally  by  the 
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administration  of  phloridzin  (von  Mering)  or  of  caffeine  sulphate 
(Jacobj). 

These  alimentary,  nervous,  and  toxic  glycosurias  are,  however,  to  be 
distinguished  from  the  ordinary  form  of  diabetes,  in  that  in  the  latter  the 
cause  of  the  glycosuria  is  to  be  sought,  not  in  an  increased  conveyance 
of  sugar  into  the  blood,  or  in  a  paUiological  excretion  of  the  sugar  con- 
tained in  the  blood,  but  much  rather  in  the  fact  that  the  diabetic  patient 
is  unable  to  decompose  sufficiently  the  carbohydrates,  and  especially 
dextrose,  while  the  sugars  which  turn  polarized  light  to  the  left  (levu- 
lose  and  inulin)  ordinarily  can  be  oxidized  either  wholly  or  at  lea^t  in 
greater  amounts  than  dextrose.  In  most  cases  the  power  to  form  fats 
from  the  carbohydrates  is  also  lessened,  yet  there  are  cases  in  which  this 
function  is  unimpaired  and  the  sugars  are  stored  uj)  in  the  body  in  the 
form  of  fat  (diabetogeuous  obesity). 

According  to  the  investigations  of  von  Mering  and  Minkowski,  which 
have  been  confirmed  by  different  authors,  this  loss  of  power  in  the  or- 
ganism to  oxidize  the  sugars  brought  into  the  body  or  formed  normally 
in  the  body  from  albumin,  or  to  store  them  up  as  glycogen  or  fat,  is  to 
be  ascribed  to  an  insufficiency  of  pancreatic  function.  This  conclusion 
is  drawn  chiefly  from  the  fact  that  after  total  extirpation  of  the  pancreas 
in  dogs,  a  diabetes  of  severe  character,  usually  fatal  within  a  few  weeks, 
is  produced,  this  being  characterized,  as  is  diabetes  in  the  human  sub- 
ject, by  polyuria,  polydipsia,  hyperglycsemia,  glycosuria,  diminution  of 
the  glycogen  of  the  tissues,  also  at  times  by  marked  destruction  of 
albumin,  emaciation,  excretion  of  large  amounts  of  acetone,  aceto-acetic 
acid,  /^-oxybutyric  acid,  and  ammonia,  as  well  as  by  the  occurrence  of  a 
comatose  condition.  In  support  of  the  view  that  there  is  a  definite  i-e- 
lation  between  disturbances  of  pancreatic  function  and  diabetes,  it  has 
been  found  that  in  certain  ciises  of  this  disease  in  man  the  pancreas  has 
exhibited  demonstnible  changes,  of  the  nature  of  atrophy  or  degenera- 
tion. It  should,  however,  be  borne  in  mind  that  the  anatomical  investi- 
gation often  fails  to  reveal  a  pathological  condition  of  the  pancreas;  so 
that  we  are  forced  to  content  ourselves  with  the  hypothesis  that  the 
anatomical  changes  underlying  the  functional  disturbance  of  the  pan- 
creas are  not  demonstrable. 

An  exact  explanation  of  the  causal  relations  existing  between  pan- 
creatic disease  and  diabetes  cannot  at  theprasent  time  be  given,  yet  from 
the  foregoing  experimental  researches  the  hypothesis  may  be  deduced 
that  the  pancreas  prodnces  an  internal  secretion  which  either  gives  the 
body  the  power  to  destroy  glucose  or  incrciuses  this  glycolytic  capacity. 
Likewise,  no  explanation  can  at  present  be  given  for  the  increased  de- 
strnction  of  the  albumins  and  the  accompanying  abundant  production  of 
/S^oxybutyric  acid,  aceto-acetic  acid,  and  acetone.  Since  these  substances 
are  not  alwaj^s  found  in  experimental  pancreatic  diabetes,  their  forma- 
tion probably  does  not  stand  in  direct  rehition  to  the  excretion  Oi  sugar, 
but  is  to  be  regarded  rather  as  a  complication  of  diabetes  (Minkowski ). 
Their  occurrence  in  diabetes,  moreover,  is  not  always  constant,  and 
they  are  found  in  other  diseasc^s  (intoxications,  carcinoma,  distiu'bances 
of  digestion). 

The  occurrence  of  diabetes  after  total  extirpation  of  the  i)ancreas  is  evidence  that 
this  organ  possesses  a  special  function  which  is  of  tlie  greatest  importance  in  the  nor- 
mal consumption  of  sugar  in  the  organism.  Le/nne  is  of  the  opinion  tliat  there  is  in  the 
blood  a  glycolytic  ferment,  which  is  formed  by  the  pancreas  and  passed  from  this  or- 
gan into  the  blood;  and  that  the  cause  of  the  mellituria  in  diabetic  patients  and  in  dogs 
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from  which  the  pancreas  has  been  removed  is  to  be  sought  in  a  decreuse  in  the  amount 
of  this  ferment.  According  to  Cohnheim,  Rahel,  Hirsch,  ArnJieim,  Blumenthal,  and 
others  the  pancreas  has  the  power,  in  a  way  not  yet  explained,  of  exciting  to  action  the 
glycolytic  ferments  found  in  the  different  organs.  The  addition  of  pancreatic  emulsion 
{Cuhnheim)  to  the  expressed  juice  of  muscle  increases  its  glycolytic  capacity.  At  the 
present  time  it  is  impossible  to  offer  a  satisfactory  explanation  of  the  pathogenesis  of 
pancreatic  diabetes.  According  to  Stoklasa  the  anaerobic  respiration  of  the  animal 
organs  is  an  alcoholic  fermentation  caused  by  enzymes  which  may  be  separated  from 
the  cells  and  obtained  in  the  form  of  powder.  They  will  produce  an  alcoholic  fer- 
mentation as  long  as  they  are  not  subjected  to  the  action  of  lactic  acid  and  thereby  in- 
hibited. In  diabetes  such  an  inhibition  of  the  splitting  of  glucose  into  alcohol  and 
carbonic  acid  occurs  through  the  formation  of  lactic  acid. 

If  only  a  portion  of  the  pancreas  of  a  dog  be  removed,  no  diabetes  occurs,  or  at 
least  the  excretion  of  sugar  is  much  less  than  after  total  extirpation  (Minkowski).  If  in 
dogs  from  which  the  pancreas  has  been  totally  removed  a  portion  of  pancreas  is  trans- 
planted subcutaneously,  diabetes  does  not  follow  (Minkowski,  Hedon),  but  occurs  if  the 
transplanted  piece  be  excised. 

According  to  Minkowski,  there  is  no  direct  communication  between  the  secretory 
function  of  the  pancreas  and  that  function  of  the  organ  concerned  in  the  metabolism  of 
sugar. 

Poisoning  with  phloridzin  produces,  accordins;  to  von  Meting  and  Minkowski,  a 
marked  glycosuria  in  most  animals  and  in  man,  and  the  same  symptoms  as  those  seen 
in  diabetes,  may  be  produced  by  a  continuous  administration  of  the  poison.  Since  in 
this  case  the  cause  of  the  pathological  excretion  of  sugar  lies  in  the  kidneys  and  repre- 
sents atlushing-out  of  sugar  from  the  organism,  phloridzin  diabetes  cannot  be  identified 
with  the  ordinary  form  of  diabetes  found  in  man — that  is,  with  pancreatic  diabetes.  In 
dogs  in  which  diabetes  has  been  produced  by  the  extirpation  of  the  pancreas,  phloridzin 
produces  an  increase  in  the  amount  of  sugar  excreted  (Minkowski). 
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^  25.  Cachexia  thyreopriva  is  ii  pecnilii 
or  tot(r  1 1  If  (f  bm  u(  fit  it  <  t  ittti  of  (h  e  thtfro  /f /,  r  e  s  1 1 1 1  i 
velupiiu'id  oi-  Troni  pitthidu^Mral  cltMiiges  iu 
uUsi*rvrd  tliiit  il  fMllnWHl  l<d:il  t*xtir|Kit ion 
honor  id'  Jiavin^  tiLSf(»ver«*d  tin*  t*iiiise  of 
tliis  dist^ase.  NiinieroiiK  clinii-al  ubserva- 
tious  mid  exprrim(*ntal  re^eairlieH  wljieh 
follijwt'd  thisdLst*<Ht'ry  Itave  eoiitinned  the 
faet  that  the  prt\HiMK"e  of  tiiyroid  tissue  is 
essentiiil  to  the  niaiiitrnance  of  the  integ- 
rity of  the  organism,  and  that  the  body, 
espeeially  dnrini^^  its  ]»erioil  of  growth*  re- 
quires a  thyroid  ghintl  eapahle  of  fnnction- 
atiujx  normally.  It  is  ptHiiattle  that  the 
ghind  ]*rodiiees  a  snlistanee  (thyrniodine) 
whieh  serves  a  nsi^ful  pui'iMist^  in  thehoiliiy 
metabolism.  It  is  also  ]KiHsible  that  this 
gland  neutralizes  or  destroys  poisoaoiis 
substaiiei^s  eiienhitin*^  iti  the  blood, 

Aeecuilitij^  to  ex]M*rimeot!il  aud  eliuieal 
obser\  atioiis,  the  lotal  extirpation  of  the 
thyroid  gland  prodnees  iti  man  and  in 
animals,  after  a  veiy  slun-t  time,  severe 
symptoms,  whieh  are  eliataeterized  espe- 
eially  by  ninseular  twitehitigs,  eunvnlsiiios, 
and  paralysis,  srt  tliat  I  In*  eonditioit  has 
been  ealliHl  thyreoprival  tetany.  Yonng 
animals  and  earitivora  are  espeeially  sus- 
ceptible; do|(s  die  for  the  greater  i>art  in 
a  short  time  after  total  thynudeetoniy. 

If  the  loss  of  the  fcljnid  is  at  iii>it  well 
borne,  as  is  tiie  cas*^  in  man,  thrre  aris*^  in 
the  eonrse  of  nn^tdhs  *ir  y<-:irs  prrnliar  dis- 
til rbanees  i>f  nnti'itiotn  begitniiiig  M'ith 
wea  k  n  e  ss  an  d  h «ni  \'  i  t  less  <  i  f  1 1 1  o  I  i  ni  1  >s,  fee  1  - 
ing  of  coldness,  often  also  paiti  an*!  tran- 
sient swelling  of  the  limbs,  with  loss  of 
mental  aetivity,  leading  lo  a  cachexia  as- 
seciated  with  anfemia,  and  ehameterized 
furtlier  l>y  i*ale  swellings  of  the  skin,  espeei 
mark€*d  diminntiim  of  nient;tl  powiTs,  tog«^ 


ir  disejise  eansed  by  ihilcind 

ng  eitliei'  from  defecti\e  de- 

thr  glantL     To  Koeher,  who 

of  the  thyroid,  l>elotigs  tlie 
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in  n  nititi  iw,*  iity-4'ljrlit  yeiirsi  tAA.  firt^^tiiff 
nlkT  tlH"  l«)ljil  exKrpflrlon  nf  lh*»  Uivrultl 

ffluTiri  in  inil'wwV*.  U^ntti  year;  leDi^h  of 
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ally  of  the  fare  (Fig.  5),  and 
t  h*  *  r  with  a  1  oss  o  f  m  iLse  id  a  r 
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strt!n|«:th,  tJie.se  symptoms  fiually  t^irmiiiatiuK  ^^  death.  The  removal 
of  tht*  thyroid  inland  in  ehildhood  caus«\^  disturliaiJi'cs  of  ^rowtli,  the 
iueivas*^  in  length  of  the  hMJties  fulling  l>elow  tlie  rionnal  or  eeasin^  alto- 
fjether  (Kig.  5).  Animals  (rabbits  and  goats)  that  have  liad  their  thy- 
roid ghinds  reijiuved  som\  after  birth  do  not  reach  full  growth  aud 
acquire  an  expressh>n  of  stupidity. 

In  thyreoprival  tetany  Ihe  Injdy  temperature  is  iuereased;  in  the 
caehexia  it  is  lowered. 

Disturbances  of  thyroid  funt*tion,  as  well  as  total  extirpation,  U*ad 
to  patbologieai  eonditioim  of  the  l>ody.  Both  elinieal  obst*rvat ions  and 
experimeulal  investigations  tend  to  show  that  the  peculiar  disease  (Fig, 
6)  known  as  myxoedema  (Ord)  is  due  to  ehanges  in  the  thyroid. 
Myx«edeiiia  is  aeondition  in  which  the  external  appeaianccttf  t  hi*  pa- 
tient is  suggestive  of  tliyreoiiri\al  eaciiexia,  in  (hal  thc^  sarm*  ehaiaeter- 
istie  pale  and  elastic  swellings  of  tlie  skin  <if  the  face  (Fig.  (i),  not  pitting 
on  pressure  with  the  tingers,  are  assoeiatcfl  with  sitnilarpide  and  dry 
swellings  in  other  parts  of  the  body.  Further,  there  is  a  loss  i>f  intel- 
leetual  power,  which  linds  expn^ssion  in  an  increasing  dithculty  in  think- 
ing and  acting,  dulness  oC  the  tactile  st*ns4%  retardation  of  muscular 
action,  and  a  monotonous  nasid  voiei*.  Finally,  a  marked  general 
weakness  aud  often  also  symptt^nis  of  actual  mental  deningement  tH-cur, 
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Fli»,  7.  MvAinU  ma.  The  sarai*  Individ- 
ual <FlK.  lU  uftt^r  ttitvi"  iMiitithx  <»f  trL^tmeCLt 
with  iiiiilvi*rl'iS(Hl  *iln'e|»'fv  Uivn^id. 


!  death  follows  a  gradually  increasing  cachexia  associated  with  sj^mp- 
toms  of  ana^ntia  and  ciima. 

Judging  from  ttie  clinical  and  ajiatoniical  characteristi<'s  presented 
by  the  patients,  cretinisin  (Fig,  8)  — that  is,  the  alterations  in  the  struc- 
ture and  functions  of  tlu*  h<»dy  which  characterize  this  dise^ust^ — is  de- 
p**udent  upon  disturl>auces  of  thyioid  function*  In  su]ipoi  1  of  this  view 
LH  the  fact  tliat  in  cretins  there  is  always  present  some  degenerative  eon* 
ditiou  of  the  thyroid,  the  organ  being  either  etilarged  <  goitre )  and  changed 
in  structure  (endemic  ci-etinism),  or  eitlici-  impel fei-tly  dev^-h^ptnl  or 
wholly  hwkin;:  (  sporadic  cretinism  ).      Furtht*r,  ttirg(Ma*ral  appearance  of 
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cretiBS  (Fl^.  *H)  is  similar  to  fliat  of  tliost*  individiuiLs  who  as  a  result  of 
thyroidectomy  in  early  eliildhood  (Fif,^  Ti)  have  beeume  Btnnted  in  de- 
velopment. The  longitudinal  j^njwth  ufthe  lon^^  hones  is  more  or  less 
below  tliat  itf  Hie  iiormiil,  while  the  soil  parts  are  rehilively  well  devel- 
oped. The  individual  purtituis  of  the  IkkIv  are  iiuequally  <le\eh»pi*d, 
the  head  is  rehdively  large,  the  alMiianen  and  iirek  are  tliii'k,  the  bridj^^e 
of  the  nose  is  deprtssed,  while*  tin*  ut^se  its<df  is  limad  and  stnmi>y;  the 
skin  is  pale,  iiabby,  wrinkled,  and  inifFed,  jls  if  cedeinatonsly  swollen, 
partieidarly  over  the  faee.  The  mental  faeulties  are  always  ft4»h!e, 
sometimes  markedly  so.  The  power  of  speech  and  of  laiderstanding 
words  may  lie  entirely  absent,  and  <ndy  Hie  less-nuirked  eases  of  cretin- 
ism  are  capable  of  performing  wnrk  uC  any  kind.  The  cause  of  (nid<Mnic 
v  r e  1  i  n  i  sm  i  s  m  i  k  n  o  w  n . 


Tbe  gnat  iinporUncu  of  Iho  tlivroicl  gland  U>r  thf  general  nutrilinn  nf  the  organ- 
ism, llicM'errbml  fiint-tioiiB,  ami  llie  rk-vt'lMjiriieni  tif  llju  bones  Ims  In-eri  pLiccJ  bfvuiid 
all  doubt  by  numeroiw  rliniral  oVisit  vat  ions  jiml  v\- 
pennu'iital  investigations.  As  to  the  exiit't  riic»de  of 
action  i>r  tbe  Ibyioiil,  iliert'  an?,  however,  ditTerent 
opinion??.  If  an  aaiinal,  after  tkyroidecloniy,  is  fed 
Willi  the  thyroid  of  some  other  aniiiml— for  hjstance, 
that  of  the  8heep — the  iiijorions  effects  usually  ob- 
served after  removal  of  the  thyroid  do  not  appear 
and  will  occur  only  when  tlie  feeding  IH  stopped.  In 
man  the  adminisirjition  of  fre.sb  thyroid  tissue  or  of 
thyroid  extraetB  exerts  ti  healing  induence  on  the 
thyrcoprival  caehexui  and  tnyxa'denia  (Fig.  7);  aad 
reports  have  lieeit  jniblished  of  favorable  reruns  of 
tiie  same  treatment  in  children  suffering  from  cretin- 
like  ritst urban ces  of  developnieoL 

Goitres  (enlarged  and  ijyperlrophie  thyroids  with 
niidnleH  of  new-formed  thyroid  tissue)  whteh  have 
not.  yet  undergone  seeondary  th*gencrations  often 
diminish  in  size  after  the  ccmtiuued  use  of  thyroid 
ti&suc^  f4>r  several  w<'eks»  often  vvitii  a  marked  mlrn- 
gressinn  of  the  follieles  {ft^n  HiftuH),  but,  after  the 
cesHaijon  of  the  Irealmeot  soon  begin  to  grow  again. 

According  to  Jmuz,  the  extirpation  of  the  thyroid 
in  hens  causes  a  <hminution  in  size  of  the  (^ggi^; 
feeding  with  thyr*nd  causes  them  to  increase  in  size. 

According  u*  tlic  investigations  of  BtfUfUdtm,  the 
thyroid  constantly  ctxi tains  an  iodine  Hubstnnre, 
thyrolodLne  or  iodotliyrJn.  which  is  present  in  the 
greatest  quiinlity  in  old  individuals,  and  io  tlic 
smallt*rtt  (juaidity  in  very  young  chihlren.  loiln^ 
thyriu  for  the  chief  part  Is  usually  tombineti  in  the 
thyroid  with  an  albumin  and  a  globtilin  boily,  but  it 
may  appear  in  a  free  foruL     The  ncrnnal  thyroid  is 

able  to  store  up  tlie  extremely  small  amounts  of  iodine  brought  into  the  body  in 
vegetable  foi>d8orin  the  drinking-water,  and  to  convert  it  into  the  combination  mea- 
tioued  above.  The  iutermil  administration  of  preparations  of  ioilini^  or  the  ireatmeni  of 
w^oundi*  with  such  leadn  to  a  greater  accumulation  of  imiine  in  the  thyroid. 

According  to  Btfumfinft,  iodothyrin  ia  the  active  element  of  the  gland.  Its  i  niidoy- 
ment  in  the  treatment  of  gnitres.  myxu-dema,  and  strumiprival  cachexia,  etc..  has  the 
same  elfeet  as  the  feeding  with  fresli  thyroid  tissue.  It  wouhl  appear  that  the  organ- 
ism requires  iodine  for  its  proper  niaititenance.  and  that  the  thyroid  supplies  it  with  the 
necessary  iodine-eombi  nation,  bi  regionJ*  where  gt  tit  res  are  not  comnumly  fnnncl 
(North  Germany),  the  thyroid  glands  are.  on  the  average,  much  smaller  (from  80-40 
gm.)  and  contain  more  iodine  (on  the  average  about  3|  mgtn.  instead  of  2  nigm/)  than  in 
regions  where  goitres  are  numi-rous  (8wit/erlaud,  South  nermany).  Whether  the  lack 
of  sufhcient  iodine  in  thi^  food  and  drinking-water  is  the  eause  of  the  hypertrophied 
eoodition  of  the  thyroid  in  goitre,  or  whether  some  injurious  agent,  perhaps  some 
lower  organism,  interferes  with  the  sin-eitie  function  of  the  gland,  eanntit  he  said  at 
the  present  time.     Among  the  doniestie  animals  having  a  a  especially  large  amount 
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of  iodine  in  the  thyroid  are  the  sheep,  the  cow,  and  the  calf,  while  in  hogs  the  iodine- 
content  of  the  gland  is  small. 

Blum  regards  the  thyroid  as  an  oigan  whose  function  it  is  to  destroy  enterotoxins 
arising  from  the  decomposition  of  albumin  in  the  intestine. 

Anatomical  investigations  have  failed  to  throw  any  definite  light  upon  the  Ques- 
tion of  the  internal  secretion  of  the  thyroid.  It  has  been  proved  that  the  colloid 
produced  by  the  thyroid  cells  passes  into  the  lymph- vessels.  It  is  probable  that 
lodothyrin  is  contained  in  this  colloid  substance.  During  intra-uterine  life  the  thyroid 
appears  to  be  destitute  of  its  fimction,  which  in  later  life  is  so  important. 

It  is  also  possible  that  Basedow^s  disease  (Graves^  disease,  exophthalmic  goitre), 
which  is  characterized  by  a  pulsating  goitre,  exophthalmos,  rapid  heart,  tremor  and 
great  excitability  on  the  part  of  the  patient,  is  dependent  upon  a  disease  of  the  thyroid 
— namely,  a  hypersecretion  {hyperthyreo»U).  In  support  of  this  theory  lies  the  fact 
that  theglands  of  such  patients  are  rich  in  functionating  gland-tissue,  but  no  positive 
conclusions  concerning  this  point  can  be  drawn  at  the  present  time.  Accoixiing  to 
beibj  the  experimental  feedmg  of  thyroid  glands  produces  symptoms  and  metabolic 
changes  simiiar  to  those  of  Basedow's  disease.  Removal  of  a  considerable  portion  of 
the  gland  will  in  many  cases  effect  a  cure;  and  the  recurrence  of  the  disease  after 
operation  is  in  most  cases  accompanied  by  a  recurrence  of  the  tumor.  Oswald  has 
shown  that  the  colloid  of  the  glands  from  cases  of  exophthalmic  goitre  is,  in  the  ma- 
jority of  cases,  deficient  in  iodine.  He  believes  that  the  symptoms  are  due  to  an 
overflooding  of  the  body  by  an  excess  of  a  less  potent  secretion.  Beebe,  Rogers,  and 
others  have  attempted  to  treat  cases  of  exophthalmic  goitre  with  a  specific  serum, 
but  it  is  yet  too  early  to  judge  of  the  value  of  such  treatment.  Ewing  has  studied  the 
histological  changes  in  the  glands  of  forty  cases  of  exophthalmic  goitre,  and  believes, 
in  common  with  other  writers,  that  the  histological  findings  are  to  a  certain  extent 
specific.  An  extensive  cellular  hvperplasia  with  large  areas  of  imperfectly  formed 
alveoli  interspersed  with  giant  cells  and  resulting  in  nearly  complete  loss  of  colloid 
appears  not  to  occur  except  in  connection  with  the  nervous  symptoms  of  Graves'  dis- 
ease. Some  writers  regard  the  thymus  and  parathyroids  as  associated  in  some  way 
or  other  with  the  pathogenesis  of  exophthalmic  goitre,  but  no  definite  proof  of  this  is 
at  hand.  The  removal  of  the  parathyroids  in  young  camlvora  is  followed  in  a  few 
days  by  symptoms  more  or  less  like  those  of  Basedow's  disease.  Thyreoprival  tetany 
has  also  been  ascribed  to  the  disease  or  removal  of  the  parathyroids.  Hoisted  has 
reported  cases  of  hypoparathyreosis  following  removal  oi  the  human  parathyroids, 
the  symptoms  being  restlessness,  insomnia,  attacks  of  flushing,  and  numbness.  The 
feeding  of  fresh  parathyroids  caused  some  improvement.  Transplantation  of  the 
parathyroids  into  the  thyroid  and  spleen  has  been  successfully  carried  out  experi- 
mentally. 

According  to  the  investigations  of  Rogowitsch,  Stieda,  and  Hofmeister  the  ex- 
tirpation of  the  thyroid  in  raboits  leads  to  a  hypertrophy  and  altered  structure  of  ths 
hypophysis.  It  would  appear  that  the  role  of  the  latter  organ  in  the  animal  economy 
is  in  some  way  correlated  with  that  of  the  thyroid.  Tumors  of  the  hypophysis  have 
been  repeatedly  observed  in  giantism  and  acromegaly. 
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g  26.  Addison's  Disease  is  a  x>ecaliar  affection,  usually  fatal  after  a 
course  of  about  two  years  on  the  average,  and  is  very  probably  to  be 
regarded  as  the  result  of  sl  functional  disturbance  of  the  suprarenals.  It  is 
characterized  chiefly  by  the  appearance  of  a  light-yellow-brown  to  dark- 
browu,  diffuse,  and  spotted  pigmentation  of  the  skin  (meUisma  supra- 
renale),  which  shows  itself  first  in  the  portions  of  the  skin  normally 
exposed,  later  in  other  parts  of  the  body -surface  and  in  the  mucous 
membrane  of  the  mouth.  Even  at  the  beginning  of  the  disease,  or  even 
before  the  pigmentation  of  the  skin,  there  occur  loss  of  appetite,  nausea, 
pain  in  the  epigastrium,  diarrhoea,  constipation,  and  vomiting — all 
symptoms  of  a  disturbed  intestinal  and  gastric  function ;  later,  muscular 
weakness;  and  finally,  nervous  symptoms,  asthenia,  fatigue  on  slight 
exertion,  headache,  vertigo,  fainting,  epileptiform  attacks,  and  coma. 
Occasionally  a  recognizable  increase  of  the  pigment  of  the  skin  does  not 
occur,  and  the  disease  is  characterized  only  by  the  gastrointestinal 
symptoms,  progressive  weakness,  and  ansemia. 

In  about  eighty-eight  per  cent  of  all  typical  cases  of  Addison's  dis- 
ease the  suprarenals  are  found  to  be  diseased,  in  the  majority  of  cases 
being  changed  into  a  caseous  or  fibro-caseous  mass.  More  nirely  there 
are  found  tumora  in  the  adrenals  or  simple  atrophy,  agenesia,  or  hypo- 
plasia. There  can  scarcely  remain  any  doubt  that  the  disease  of  the 
suprarenals  bears  a  causal  relation  to  the  symptoms  described  above; 
it  may,  therefore,  be  designated  as  a  suprarenal  cacliexia.  In  what  way 
the  loss  or  change  of  the  function  of  the  suprarenal  bodies  acts  injuri- 
ously upon  the  organism  cannot  at  present  be  stated.  It  is  not  improb- 
able that  the  suprarenal  bodies,  like  the  thyroid,  produce  a  substance 
which  is  necessary  for  the  preservation  of  the  organism;  or  possibly 
poisonous  substances  are  destroyed  by  them. 

A  normal  functional  activity  of  the  adrenals  is  necessary  to  the  integrity 
of  the  organism.  This  is  based  not  only  upon  clinical  observations  and  anatomical  in- 
vestigations in  man,  but  also  upon  animal  experiments.  For  example,  the  extirpation 
of  the  adrenals  in  dogs,  rabbits,  cats,  and  guinea-pigs  gives  rise  to  a  lowering  of  blood- 
pressure,  muscular  weakness,  and  nervous  symptoms,  paralysis,  coma,  and,  if  life  be 
sufficiently  prolonged,  a  loss  of  strength.  According  to  the  observations  of  different 
writers  the  adrenals  appear  to  have  an  influence  upon  the  growth  of  the  body.  In 
defective  development  of  the  adrenals  or  in  degeneration  of  these  organs  occurring  in 
early  life  an  abnormal  smallness  of  the  body  has  been  observed;  in  tumor  formations 
of  the  adrenals  leading  possibly  to  an  increased  functional  activity  giantism  has  been 
noted  {Linger),  The  administration  of  adrenal  extract  causes  in  animals  an  increase 
of  blood-pressure,  slowing  of  the  pulse-rate,  increase  in  the  strength  of  muscle-contrac- 
tions after  nerve-stimulation,  and  a  decrease  in  respiratory  movements.  The  cause  of 
the  increase  of  blood-pressure  is  regarded  by  some  as  the  effect  of  the  extract  upon  the 
vasomotor  centre  (Scynwnovncz) ,  by  others  as  a  direct  action  upon  the  heart  and 
the  arterial  walls  (Schd/er).  The  contraction  of  the  small  vessels  has  been  definitely 
proved. 

The  active  principle  of  the  adrenals  obtained  by  different  methods  has  been  put 
upon  the  market  in  two  different  preparations,  adrenalin  and  auprarenin.  When 
injected  into  the  tissue  or  applied  to  the  mucous  membranes  in  strong  solution,  A 
pro  mille.  they  produce  anaemia  through  the  contraction  of  the  vessels  and  can  be  used 
with  good  success  in  connection  with  local  ansesthetics.  In  toxic  doSes  adrenalin 
produces  dyspnoea,  diminished  sensibility,  lowered  reflexes,  impairment  of  voluntary 
movements,  and  finally  paralysis.  Diabetes  may  also  appear  after  the  injection  of 
adrenal  extract.  According  to  Loeper  and  Crouzon,  a  temporary  reduction  in  the 
number  of  red  blood-cells  takes  place. 

Since  anatomical  changes  in  the  adrenals  have  not  been  found  in  every  case  of 
Addison's  disease,  many  attempts  have  been  made  to  refer  the  disease  to  other  local 
changes,  particularly  to  pathological  conditions  of  the  sympathetic  and  the  S5rmpathetic 
gangua.  But  the  anatomical  findings  offered  to  support  this  view  are  not  suflicient 
for  such  an  interpretation.     That  in  a  small  number  of  cases  the  adrenals  appear  to 
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be  unchanged  cannot  ..even  if  all  the  cases  of  this  kind  were  diagnosed  properly  (which 
was  probably  not  always  the  case),  be  taken  as  an  argument  against  the  patho- 
genic significance  of  adrenal  degeneration,  since  an  apparently  normal  adrenal  may 
functionate  abnormally. 

According  to  Ciaccio,  Wlesel,  and  others,  the  active  substance  of  the  adrenals  that 
contracts  the  blood-vessels  is  produced  by  the  cells  of  the  medullary  portion  of  the 
adrenal  (the  cortical  portion  is  regarded  as  an  oi*gan  whose  function  it  is  to  neutralize 
or  destroy  poisons).  Chromaffinic  cells  occur  also  in  the  tissues  of  the  sympathetic 
nervous  system,  and  it  has  been  claimed  that  in  Addison's  disease  the  destruction  of  the 
chromaffinic  cells  plays  the  most  important  rdle.  On  the  other  hand,  other  writers 
(Karakaschejf)  are  of  the  opinion  that  the  disease  or  loss  of  the  cortical  substance  of 
the  adrenal  is  of  importance  in  the  pathogenesis  of  Addison's  disease.  Cases  of  de- 
struction of  the  medullary  portion  through  hapmorrhage  with  subsequent  calcification 
of  the  necrotic  mass,  without  any  symptoms  of  Addison's  disease,  may  be  regarded  as 
proofs  favoring  this  theorj'. 

§  27.  As  a  pathological  eondition  due  to  the  loss  of  a  specific  glandu- 
lar function  should  l)e  classed  also  those  abnormal  symptoms  in  the  struct- 
ure and  functions  of  the  body  resulting  from  castration — that  is,  the 
removal  from  the  body  of  the  sexual  glands.  If  the  ovaries  are  removed 
from  a  woman  after  the  age  of  puberty,  menstruation  usually  ceases  at 
once,  but  rarely  only  after  some  time.  Sexual  desire  and  the  erethism 
iiccompanying  the  sexual  act  are  usually  diminished  in  intensity,  but  may 
also  be  unchanged.  The  remaining  portions  of  the  genital  apparatus 
undergo  atrophy ;  this  is  especially  marked  in  the  case  of  the  uterus. 
Certain  nervous  manifestations  may  follow,  the  most  common  of  which 
are  excitement,  with  reddening  and  heat  of  the  skin,  especially  of  the 
face,  often  associated  with  attacks  of  sweating ;  the*se  symptoms  teing  of 
most  frequent  occurrence  in  the  period  immediately  following  the  cas- 
ti'ation.  The  disposition  remains  unchanged  or  may  become  more  cheer- 
ful, especially  in  those  cases  in  which  the  woman  is  by  the  castration  re- 
lieved of  severe  pain.  At  times  depression  or  melancholia  may  follow. 
If  the  ovaries  are  removed  or  destroyed  during  childhood,  the  secondary 
sexual  charactei-s  are  not  clearly  defined ;  the  muscles  are  more  strongly 
developed,  the  d<»velopment  of  the  pelvis  is  changed,  and  the  breasts  do 
not  increase*  in  size. 

Cjtstiation  in  an  adult  male  produces  no  marked  change  in  the  build 
of  the  body.  On  the  other  hand,  if  boys  are  castrated,  the  build  of  the 
body  loses  in  miusculine  character.  There  occurs  an  increased  deposit  of 
fat,  particularly  on  the  abdomen,  while  the  musculature  is  only  feebly 
developed.  The  external  genitals  remain  small,  the  prostate  is  diminivshed 
in  size,  and  there  is  no  growth  of  beard  or  pubic  hair.  The  larynx  re- 
mains small,  and  the  voice  is  child-like.  The  mental  powers  are  lacking 
in  energy  and  strength. 

In  castrated  stags,  the  antlers  are  not  developed;  in  cocks  the  combs,  wattles,  and 
ear-lobes  do  not  reach  normal  development,  while  the  feathers  are  developed  to  a 
greoter  extent  (Selheim).  In  oxen,  the  h'orns  and  tlie  nipples  develop  to  a  greater 
extent  than  in  the  bull. 

According  to  White,  Kirhy,  Kummel,  Brans,  and  others,  castration  in  fully  devel- 
oped animals  c.uises  a  decrease  in  the  size  of  the  prostate;  and  it  is  said  that,  in  old  men 
sufferinij  from  prosttitic  enl'irgement,  castration  may  lead  to  a  diminution  in  size  of  the 
enlarged  prostate.  Others  {Czemy,  Socin)  express  a  less  favorable  opinion  as  to  the 
results  of  castration  in  such  cises. 

In  what  manner  the  extirpation  of  the  sexual  glands  affects  the  entire  body  has  not 
been  determined  with  certainty.  By  many  authors  it  is  assumed  that,  as  a  result  of 
castration,  the  trophic  influence  exerled  upon  the  tissues  by  the  sexual  glands,  through 
the  nervous  system,  is  withdrawn.  The  cessation  of  the  menses  may  indeed  be  re- 
garded as  due  to  the  withdrawal  of  nervous  stimuli,  and  the  atrophy  of  the  uterus  may 
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perhaps  be  dependent  upon  the  same  cause;  but  in  general  it  is  more  likely  that  cer- 
tain chemical  substances  (o6phorin  and  sperm  in),  which  exert  a  certain  influence  on 
the  functions,  growth,  and  development  ot  the  body,  are  formed  in  the  sexual  glands. 

According  to  the  investigations  of  Loewy  and  Richter,  after  castration  of  female 
dogs  there  occurs  a  lowering  of  the  oxidation-power  of  the  cells  of  the  body  and  a  de- 
crease in  the  amount  of  oxygen  used  by  about  twenty  per  cent.  According  to  Breuer 
and  i^n  Seiller,  the  total  mass  of  haemoglobin  and  red  blood-cells  is  diminished.  The 
administration  of  dried  ovarian  substance  or  of  o6phorin  from  the  ovanes  of  the  cow 
or  hoe  to  the  animal  operated  upon  causes  an  increase  in  the  amount  of  oxygen  con- 
sumed even  greater  than  the  average  observed  before  the  castration.  Preparations 
of  testicles  showed  no  such  influence.  In  male  dogs  the  same  conditions  prevailed; 
spermin  caused  only  slight  increase  in  the  gaseous  interchange,  o6phorin  gave  a  marked 
increase  (as  much  as  forty-four  per  cent). 

Zoth  and  Pregel,  who  have  carried  out  experiments  with  reference  to  the  'effects  of 
j^lycerin  extracts  of  the  testicles  of  animals,  report  that  injections  of  this  extract 
increase  veiy  markedly  the  power  of  muscular  contraction. 

According  to  the  investigations  of  Born  and  L.  Fraenkel  the  carpus  luteum  appears 
to  possess  ail  internal  function.  On  the  one  hand,  it  is  thought  to  govern  the  metabolism 
of  the  uterus  and  to  make  possible  the  insertion  of  the  impregnated  ovum  in  the  uterus, 
and,  on  the  other  hand,  to  excite  menstruation. 

The  thymus  hjus  also  been  credited  with  the  function  of  an  internal 
secretion,  and  the  condition  oi  lymph<iUc  constitutioii  {c(mHtitntiolymphatica) 
has  been  ascribed  to  disturbances  or  lass  of  this  function. 
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Kanasse:    l-eber  die  Bezieh.  der  Nebennieren  2.  d.  Venen.     Virch.  Arch..  87  Bd., 

1894. 
Kosse:  Autointoxication  bei  Morbus  Addisonii.     Fortschr.  d.  Med.,  xv.,  1897. 
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Oliver:  On  the  Therap.  Employ,  of  the  Suprarenal  Glands,    firit.  Med.  Joum.,  if., 

1896. 
Philips :  Addison's  Disease  with  Simple  Atrophy  of  the  Adrenals.   Jour,  of  Exp.  Med. 

1899. 
Bolleston:  The  Suprarenal  Bodies.     Brit.  Med.  Joum.,  1895. 
Sch&fer:  Ueber  interne  Secretion.     Wien.  med.  Bl.,  1895. 
Scyxnonowicz :  Function  der  Nebennieren.     Pfliiger's  Arch.,  64  Bd.,  1896. 
Tizzoni:  Ueber  die  Wirkungen  der  Exstirpation  der  Nebennieren.     Beitr.  v.  Ziegler, 

vi.,  1889. 
de  Vecchi:  Exper.  Tuberkulose  der  Nebennieren.    Cbl.  f.  a.  P.,  xxii. 
Wiesel:  Z.  path.  An.  d.  Addison'schen  Krankheit.     Z.  f.  Heilk.,  xxiv.,  1903. 
Zander:  Functionelle  u.  genet.  Bezieh.  d.  Nebenn.  ziun  Gehim.     Beitr.  v.  Ziegler, 

vii.,  1890. 

{Results  of  Castration;  Internal  Secretion  of  Sexual  Glands;  Spennin  and 
Organ-extract  Therapy. ) 

Alterthum:  Folgezust.  nach  Castration.     Beitr.  v.  Hegar,  ii.,  1899. 

Breuer  u   von  SeiUer:  Einfl.  d.  Kastration  auf  d.  Blutbefund.     A.  f.  exp.  Path., 

50  Bd.,  1903. 
Brown-S^quard :  Exp^r.  d^m.  la  puissance  dvnamogdnique  chez  I'homme  d'un  liquid 

extrait  de  testicules  d'animaux.     Arch.  d.  phvs.,  1889,  1890,  and  1891. 
Bruns:  Behandlung  d.  Prostatahypertrophie  durch  Kastration.    Mittheil.  a.  d.  Grenz- 

geb.  d.  Med.  u.  Chir.,  i.,  1896  (Lit.). 
Bubis:  Sperm  in  um-Poehl.     St.  Petersburger  med.  Wochenschr.,  1894. 
BuBchan:  Brown-Sdquard'sche  Mcthode.     Eulenburg's  encyklop.   Jahrb..  iv.,  1894; 

Berlin,  1895. — Organ safttherapie,  Eulenburg*s  Realencyklop.,  xviii.,  1898. 
Curatuto  et  TaruUi :  Infl.  de  Tablation  des  ovaires  sur  le  m^tabolisme  organique. 

Arch.  ital.  de  Biol.,  xxiii.,  1895. 
Czemy:  Kastration  bei  Prostiitahypertrophie.     Deut.  med.  Woch.,  1896. 
Fiirbringer:   Behandl.  v.  Erkrankungen  m.  GewebsflUssigkeiten.     Deut.  med.  Wcch., 

1894. 
Gottschalk:  Kastrationsatrophie  der  Gebarmutter.     Arch.  f.  Gyn.,  53  Bd.,  1897. 
Hegar:  Die  Kastration  der  Frauen.    Klin.  Vortr.  v.  Volkmann,  1878;  Der  Zusammen- 

hang  d.  Geschlechtskrankheiten  mit  nervOsen  Leiden  u.  die  Kastration  bei  Ner- 

vdsen,  1885;    Operative  Gynakologie,  Wiesbaden,  1897. 
Kummel:  Operative  Heilung  der  Prostatahypertrophie.   Berlin.  Klinik,  86, 1895  (Lit.). 
Liesau:  Einfluss  der  Kastration  auf  den  weibl.  Organismus.     Inaug.-Diss.,  Freibui^, 

1896  (Lit.). 
Lilienfeld:  Anat.  Befund  am  Genita  lappa  rat  nach  Kastration.     Zeit.   f.  klin.  Med., 

xxix.,  1898  (Lit ). 
Loewy  u.  Bichter:  Sexualf unction  u.  StofTwechsel.     Arch.  f.  Anat.,  Suppl.,  1899. 
Luthje:    Ueber  die  Kastration  und  ihre  Folgen.    A.  f.  exp.  Path.,  48  Bd.,  1902. 
Metschnikoff:  Spermatoxine  et  Antispermatoxine.     Ann.  de  Tlnst.  Pasteur,  1900. 
Mdbius:  Die  Wirkungen  der  Kastration.     Halle,  1903. 

Poehl:  Die  phys.  Chemie  und  Grundlagen  der  Spermintherapie,  St.  Petersburg,  1898. 
Sellheim:  Secundare  Geschlechtschamktere.     Beitr.  v.  Hegar,  i.,  1898. 
Socin:  Kastration  u.  Prostatahypertrophie.     Corr.  f.  Schweizer  Aerzte,  1896. 
Zoth  u.  Pregl:  Wirkung  orchitischen  Extractes.     Pfluger's  Arch.,  62  Bd.,  1895. 

V.  Fever  and  Its  Sig^nificance. 

§  28.  When  a  local  organic  disease  takes  on  the  character  of  a  gen- 
eral disease,  or  when  a  disetise  at  its  very  inception  manifests  such  a 
character,  there  is  seen  very  fiequently  a  symptom-cortiplex  which  is 
designated  as  fever.  Particularly  in  the  case  of  those  infectious  diseases 
associated  with  symptoms  of  intoxication  does  the  appearance  of  fever 
during  their  course  play  an  important  role.  The  characteristic  sign  of 
fever  is  an  increase  of  bodily  temperature ;  but  accompanying  this  there 
are  other  symptoms,  especially  an  increase  of  the  pulse-rate ^  disturbances  in 
the  distribution  of  the  bloody  changes  in  the  gaseous  interchange  within  the 
lungs,  and  also  changes  in  the  unnary  secretion.     There  is  usually  also  a 
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subjective  feeliuj:  of  illneas,  but  this  is  not  a  uecessaiy  part  of  tbt^  s^yuip- 
tomatology  of  fe\'er;  but  au  espeoial  effect  of  an  iofection  associated  with 
RyDiptoiu8of  poisoiiiug,  the  infection  occurring  at  the  same  time  %vith  the 
feverish  increase  of  temperature,  or  liefttre  it>  or  even  after  it. 

Ol>servatioii  of  the  uornial  bofiy  Ivah  taught  us  that,  in  .spite  of  changes 
of  tempenilure  exlenniHy  and  also  of  changes  in  oilier  extrinsic  condi- 
tions, the  body-teniperature  is  maintained  at  an  average  height  of  .37,2- 
37.4*'  V,  (98.9ti-99.:i2^  F. ).  The  ahsttlnte  variation  between  morning  and 
evening  is  1-1.5*^  i\  (l.iS^2.7^  F/),  the  maximnm  ocenrring  at  evening. 

The  elevation  of  tenipc^'alure  of  tiie  body  above  tliat  of  its  surround- 
ings is  due  to  the  faet  that  through  cheinieal  changes  occnrringiu  the  or- 
ganism, particularly  in  the  musclfs  aiuL  glands,  heat  is  prtrdnced,  and  to 
SDch  an  extent  that  the  temperature  of  tlie  tuxly  may  be  raisetl  one  degree 


Wm.  9.— TemperatQit>^iir?e  of  a  cooUnui^d  rermltti^nt  fevpr,  wltb  &1owly  lialnfr  and  gmtlually  falling  curve 

(typbuJU  fevt^r)» 


CeDtigmde  (1.8*"^  F, )  in  half  an  houn  This  ]dienomenon  of  heat-prodnc' 
tion  is  oflset  l>y  one  of  heat-(hs]>ei'si<jii,  oci'urring  cliirlly  tiirongh  the 
skin,  lungs,  and  tln3  exerela.  Both  heat-prodnctioo  and  heat-disi>ersifni 
are  under  the  intinence  of  the  nerviius  system,  and  through  its  regnla- 
tion  of  botli  in'Dcessc\«4  a  constant  tenipcrature  is  nniintained. 

On  exposure  to  lower  temperatures  the  heat -|nod  net  ion  is  increased 
(chiefly  through  the  agency  of  the  mnscles),  while  heat -dispersion  is 
le*ssfnieil  through  contraction  of  the  cntaneous  vess«4s  and  inhibition  of 
perspiration. 

On  exposure  to  higher  tempemtiires  heat -dispersion  is  inerea.sed 
thrt>ngh  increased  frettnency  of  respiration,  dilatation  of  the  arteries  of 
the  skin,  and  increastMl  secretion  of  sweat. 

In  those  conditions  whi(*h  we  call  fever  there  is  a  th'jitnrbdtire  of  the 
regulation  of  hefffprodurittm  tnid  hrftl-dLsperskm,  in  faior  *d'  heat- pr  wine - 
tion«  so  that  the  trmperatitre  of  ihr  bodtf  is  tiuyre  or  Ivm  elevated  idmve  the 
nornml  (Figs.  9-11).  l^levations  iif  temperature  (rectal  nieasnrements) 
to  38°  C.  (100.4'  F.)  are  callrd  hifpernontud ;  frc^ni  :is''  to  ^8,5^'  V. 
(100,4-101.3''  F,),  light  fever;  from  38.5  to  39.5°  CI  (10L3-103,1"  F/), 
nii^iemie  fever ;  39.5-40.5'  V.  (103.1-104.9'  F.),  vwrked  fever;  over 
40.5''  C.  (104.9*=*  F.)  (evening  temperature),  hujh  fever  ;  and*  over  41^  C. 
(105.8^  F.),  ^^  hypnpiirexki. 

Four  periods  nuiy  be  distinguished  in  fever.  The  first,  which  is 
known  as  the  pyrogenetic  or  initial  stajfe  or  stadiUfTi  incrementi,  cor- 
respondii  to  that  time  during  which  the  previously  jiormal  lenn>erature 
resiche.s  the  average  height  eharacteristic  of  the  disease.  Tiiis  pi*riod  is 
eoinetimes  short  ( Fig.  10;.  half  an  hour  to  two  hours  long,  and  in  this 
case  is  usually  acconii>anied  by  a  vhltl ;  sometimes  longer  (Fig.  9),  une  to 
several  days,  and  then  usually  runs  its  course  without  a  chill,  though 
chilly  sensations  may  rei)t*atedJy  occur. 
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lo  ihe  mem»d  fvarml,  kmrmn  wm  thtt  isstichim.  wfaoop  donimm  Tmries 
aeeciffitiiiil^  ta  Uie  Ammm  froai  a  fev  hma*  to  several  weeks^  iiie  temp^v- 
tore  reaches  oaa  or  aeretal  mrme  like  ki^kat  poimis^  bi;r«ieeii  wkieli  there 
mm  mcfre  or  Itm  mmtiasd  rtmmmnm. 

In  the  mmet  of  iccliM  nf  the  fewer  or  tJhe  dcieriitJce»ofe  or  stadiuin 
docfwpcntif  llio  lKidjr4cfli]wtat«]T  rctnrmi  i^gaiii  to  tbe  iiotsuU.  If  tkis 
Ult«t  plaee  tliroagli  s  rapid  dll  oC  tempefstme  (fl^  lOX  i^  i®  called 
CfMa;  tf  diawiy^  il  iatenwd  lysia  (Fig.  9).  Tlie  f omier  t&  wnaily  ae- 
qonmaniad  hf  jimfofle  aveali]]^  and  iu  a  few  bours^  or  at  aiost  in  one 
to  one  aad  a  balf  davit,  llie  temperatiire  falls  two  or  tbfee  dcgifc^  oeca- 
wmally  ni  nmch  an  ire  to  mr  degrees  CentignMle.     In  lysis  the  tempera- 
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ture  falln  irradually  for  three  to  four  or  more  days;  the  decline  may  be 
either  conlinuous  or  intermittent. 

The  buoudafy-line  between  fastigium  and  deferrcseenoe  is  not  always 
sharply  ilelifie*!,  and  before  the  latter  sets  in  there  may  occur  elevations 
of  temperahire,  thiM  phenomenon  being  called  perturbatio  critica.  If 
t>«'lwe<*n  the  fai>»tigium  and  defervescence  there  occnr  several  days  of 
uncertainty  with  strikinjj  fluct nations  npward  or  downward,  such  period 
iH  known  oh  thtf  amphibolous  stage.  Occasionally  there  may  oi^cur  a 
i*hort  jieritMl  in  which  the  temperatnre  is  si^mewhat  lowered,  but  yet  re- 
mainn  hi^h  aboie  the  normal,  to  sink  after  a  few  days  to  the  normal 
either  rapidly  or  by  a  i^idual  (lecline. 

In  the  J^tage  of  convalescence  the  temperature  returns  to  the  normal 
condition.  The  heat -regulation  is  dnring  this  time  still  imperfect,  so 
that  oflen  slight  elevations  and  not  infrequently  subnormal  tempenitui^s 
o<»cnr. 

If  (luring  the  conrse  of  a  fever  the  daily  variation  issli*:ht,  m>  that 
the  flifferenee  l>etween  maximum  and  minininni  is  imt  ini>!*e  than  that 
uutivv  normal  (Mjnditionfi,  the  fever  is  called  a  continyous  fever  (/eftW-j 
rfnifirnta)  (Fi^,  10),  If  the  differences  ine  <rreati*r,  the  fever  is  termed 
subcontinuous  {  fthrh  suhrottthutH),  remittent  fever  {febris  rennittens) 
{¥\g.  t>;,  or  intermittent  fever  (febris  intermittens)  (Fig*  11). 

In  the  last-named,  afebrile  periods  {apip^exw)  alternate  with  periods 
of  fever,  each  pftroxifmn  having  an  initial  pi*rioti  a  fastiginoi,  and  a 
deferveHcence.  In  tlie  irife<*lious  dis4^ase  known  as  febris  recurrens  there 
is  first  a  continuous  fever,  whieii  after  a  few  days  falls  by  crisis;  after 
alKJUt  a  week  or  wj  a  s4^eond  rise  of  temperature  occui-s,  which  may  he 
followed  Ijy  a  s**eond  stage  of  apv  rexia,  and  this  by  a  tliinl  period  td*  feveiv 

Many  dis*-ases — such  as  typhoid  fever,  pneumonia,  measles,  I'elapsing 
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fever,  etc. — are  characterized  by  a  typical  temperature-curve;  others — 
as  pleuritis,  endocarditis,  diphtheria,  tuberculosis,  phlegmon,  etc. — have 
no  typical  course  of  fever. 

The  elevation  of  the  tNxly-temperature  in  fever  is  dependent  pri- 
marily on  an  increase  in  heat-production  through  increase  of  the  chemical 
changes  occurring  in  the  body.  The  respiratory  interchange  of  gases — the 
excretion  of  carbonic  acid  and  the  taking-up  of  oxygen — is  increased,  a 
proof  that  the  oxidation-processes  and  with  these  also  the  heat-produc- 
tion are  increased.  At  the  same  time  the  excretion  of  nitrogenous  elements 
in  the  urine  (urea,  uric  acid,  creatinin)  is  increased — on  the  average  about 
from  seventy  to  one  hundred  per  cent,  under  certain  conditions  even  as 
much  as  threefold.  There  is  also  an  increased  destruction  of  the  albu- 
minoid substances  of  the  body,  the  albumin  of  the  organs,  even  in  the 
latent  period  of  the  fever. 

The  increase  of  heat-prodnction  varies  in  different  fevers,  but  in  gen- 
eral does  not  reach  that  degree  which  can  be  produced  by  excessive 
muscle-action  and  over-feeding  with  albumin.  It  is  at  its  highest  point 
at  the  time  of  the  initial  chill,  in  that  the  violent  muscular  contractions 
thereby  produced  may  increase  the  production  of  heat. 

'The  second  cause  of  the  elevation  of  the  body-temperature  is  deficient 
heat-dispersion.  At  the  height  of  the  fever  the  patient  as  a  rule  gives 
off  more  heat  than  the  normal  individual,  but  this  dispersion  is  not  suffi- 
cient to  offset  the  excessive  heat-production.  Heat-production  is  con- 
stantly increased ;  heat-dispersion  is  irregular. 

In  the  initial  stage  the  cutaneous  vessels  are  contracted  as  a  result  of 
stimulation  of  the  vasomotors,  the  skin  is  pale,  the  heat-dispersion 
slight,  under  certain  conditions  even  less  than  normal. 

Chills  occur  when,  through  the  contraction  of  the  peripheral  arteries, 
the  supply  of  blood,  and  consequently  the  heat-supply,  to  the  cutaneous 
nerves  is  suddenly  diminished,  while  in  the  interior  of  the  body  the  tem- 
I)erature  is  rising. 

In  the  second  stage  of  fever  the  skin  is  often  hot  and  reddened,  and 
in  certain  diseases  sweating  occurs;  but  the  increased  heat-disx)ersion 
thereby  produced  is  not  sufficient  to  lower  the  temperature  to  the  nor- 
mal. The  increased  excitability  of  the  vasomotors  or  the  deficient  irri- 
tability of  the  vaso-dilators  is  also  present  during  this  period,  and  as  a 
result  the  skin-temperature,  as  well  as  the  heat-dispersion,  varies  greatly. 
The  skin  is  at  times  pale  and  cold,  at  other  times  red  and  hot,  and  the 
hands  may  be  cold  while  the  trunk  is  hot.  The  centres  governing  heat- 
disjiersion  are  therefore  acting  faultily. 

In  the  period  of  defervescence  the  relations  of  heat-dispersion  and 
heat-production  are  changed  in  favor  of  the  former.  The  cutaneous  ves- 
sels become  dilated,  the  skin  gives  out  a  great  amount  of  heat  from  the 
abundance  of  blood  circulating  through  it,  and  when  the  critical  fall  of 
the  fever  occurs  there  is  usually  profuse  sweating. 

The  cause  of  fever  is  not  known  with  certainty,  yet  this  much  can  be 
said,  that  fever  is  most  frequently  the  result  of  the  entrance  of  a  harmful 
agent  into  the  fluids  of  the  body.  In  many  cases  this  harmful  agent  arises 
demonstrably  from  a  local  focus — for  example,  from  erysipelatous  and 
phlegmonous  inflammations  of  the  skin.  Experimentally,  fever  may  be 
produced  by  very  different  procedures — for  example,  through  the  infu- 
sion into  the  vessels  of  an  animal  of  blood  from  one  of  another  species, 
through  the  injection  of  animal  or  vegetable  substances  that  are  begin- 
ning to  decompose,  and  through  nimierous  infections.     In  man,  the  infec- 
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tiaus  diseases,  whicli  are  regarded  as  due  to  specific  micro-organisms  mul- 
tiplying in  the  body,  are  in  particular  characterized  by  fever. 

It  is  probable  that  the  parasites  multiplying  within  the  bo4y  cause  an 
increased  tissue-destruction,  either  directly  or  through  the  production  of 
unformed  ferments,  and  that  at  the  same  time  substances  are  produced 
which  act  as  poisons  upon  the  central  nervous  system.  The  action  of  the 
latter  may  be  assumed  to  be  of  such  a  nature  that,  on  one  side,  the 
activity  of  the  muscles  and  glands,  and  consequently  the  heat-producing 
metabolism,  are  increased ;  while,  on  the  other  hand,  through  the  dimin- 
ished and  disturbed  functions  of  the  nerves  governing  sweating,  ss  well 
as  of  the  vasomotors,  the  processes  of  heat-£si)ersion  fall  behind  those 
of  heat-production.  Further,  though  the  organism  makes  an  effort  to 
regulate  the  temi)erature,  it  is  no  longer  able  to  maintain  it  at  the  nor- 
mal level,  because  of  the  disturbances  of  the  regulating  apparatus. 
What  share  in  the  increase  of  body-temperature  is  due  to  the  direct  ac- 
tion of  bacteria  and  of  the  ferments  formed  by  them,  or  what  share  is 
due  to  the  increase  of  metabolism,  through  the  stimulation  of  the  nerves 
as  well  as  by  disturbance  of  heat-dispersion,  cannot  at  present  be  deter- 
mined. It  is,  however,  certain  that  the  factors  vary  in  different  cases. 
That  under  certain  conditions,  changes  in  the  nervous  system  without 
contamination  of  the  tissue-juices  are  in  themselves  suflBcient  to  cause  a 
feverish  increase  of  temperature,  is  shown  by  the  fact  that  fever  may 
occur  in  epileptic  attacks,  in  the  periods  of  excitation  occurring  in  the 
course  of  progressive  paralysis,  after  severe  frights,  after  the  passage  of 
a  catheter  into  the  bladder,  etc.  According  to  the  investigations  of 
Eichet,  Aronsohn,  and  Sachs,  a  marked  increase  in  body-temperature 
with  increase  of  the  respiratory  interchanges  of  gases  and  increased  ex- 
cretion of  nitrogen  (Aronsohn  and  Sachs)  may  be  produced  in  animals 
by  a  puncture  which  passes  through  the  cerebral  cortex  and  strikes  the 
corpus  striatum.  The  same  phenomenon  maj^  be  produced  also  by  elec- 
trical stimulation  (Aronsohn,  Sachs)  of  the  same  portion  of  the  brain. 
Nevertheless,  fevers  dependent  upon  nervous  disturbance  are  rare,  and 
are  overshadowed  in  importance  by  those  caused  by  infection. 

Tlie  rise  of  temperature  in  fever  is  usually  accompanied  by  an  in- 
crease in  the  frequency  of  the  puise-rate ;  but  in  some  cases  this  effect 
of  the  elevation  of  temperature  maj^  be  so  greatly  modified  through 
stimulation  of  the  vagus — as,  for  example,  in  basilar  meningitis — that 
the  pulse-rate  may  be  lowered.  The  pulse  is  at  one  time  full  and  bound- 
ing, at  another  time  small  because  of  weakened  contractions  of  the  heart. 

The  impairment  of  the  contractions  of  the  heart-muscle  is  dependent 
partly  upon  the  constant  high  temperature,  partly  upon  poisonous  sub- 
stances, which  are  produced  by  the  morbid  processes  peculiar  to  the  es- 
pecial disease,  and  which  exert  a  harmful  influence  upon  the  muscle- 
substance  of  the  heart  or  upon  the  nervous  system. 

In  diseases  accompanied  by  fever  there  is  usually  a  marked  sensation 
of  illness  with  a  heavy  feeling  in  the  head.  In  severe  fevers  there  occur 
clouding  of  consciousness,  symptoms  of  excitation  and  depression,  hal- 
lucinations, delirium,  apathy,  involuntary  evacuations,  tremors  of  the 
hands,  convulsions  (in  childixMi),  etc.  The  muscles  of  the  body  become 
weak  and  not  infrequently  painful.  Digestion  is  decidedly  impaired; 
the  appetite  for  food  is  slight,  but  on  the  contrary  there  is  great  thirst; 
the  mouth  is  dry.  There  is  an  increased  frequency  of  respiration ;  after 
the  appearance  of  muscular  weakness  the  respiratory  movements  are 
superficial.     The  excretion  of  urine  is  usually  diminished;  the  amount 
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of  urea  in  the  uriue  is  increased,  while  that  of  sodium  chloride  is  dimin- 
ished. 

In  prolonged  fevers  there  is  marked  wasting  of  the  body,  in  that  a 
large  portion  of  the  albuminous  material  and  fat  of  the  body  is  de- 
stroyed. 

To  what  extent  these  symptoms  in  individual  cases  are  dependent 
upon  the  increase  of  temperature  or  to  what  extent  upon  the  damage  to 
the  organism  caused  by  the  specific  morbid  process,  it  is  diflacult  to  say, 
but  the  marked  effects  upon  the  nervous  system  must  for  the  greater 
part  be  regarded  as  a  result  of  the  infection  and  intoxication. 

Death  results  most  often  from  cardiac  insuflaciency,  but  it  may  be 
brought  about  also  by  the  severity  of  the  infection  and  the  intoxication, 
bv  the  wasting  of  the  strength,  as  well  as  by  an  excessive  elevation  of 
temperature  to  43°,  44°,  or  45°  C.  (109.4°,  111.2°,  and  113°  F.).  It 
should,  however,  be  remarked  that  under  certain  conditions  verj"  higli 
temperatures  may  l)e  borne  for  a  length  of  time  without  fatal  results, 
and  that  the  death  following  very  high  temperatures  cannot  be  ascribed 
to  the  abnormal  temperature  alone,  but  is  rather  to  be  regarded  in  part 
or  wholly  as  the  result  of  the  infection  (see  §  3). 

The  questions  coccerning  the  nature  of  fever,  which  Qalen  designated  as  CdUrr 
pTifUr  /laturam,  have  been  much  advanced  during  the  last  decades  by  numerous  clin- 
ical and  experimental  investigations.  Prom  these  we  have  learned  of  the  associated 
disturbances  of  metabolism,  the  increased  consumption  of  oxygen,  the  increased  excre- 
tion of  nitrogen  and  carbon  compounds,  as  well  as  of  the  disturbances  of  the  heat-dis- 
persion. If  we,  in  spite  of  this  knowledge,  do  not  yet  possess  a  full  understanding  of 
all  the  morbid  processes  which  in  a  given  case  may  cause  fever,  we  may  attribute  this 
to  the  fact  that  the  eavm  efficient  of  fever  is  not  a  single  entity,  but  may  be  one  of 
many  different  factors,  and  that  the  feverish  elevation  of  the  body -temperature  does 
not  always  occur  in  exactly  the  same  manner.  The  increase  of  the  tissue-changes  and 
oxidation-processes  within  the  body  is  not  always  brought  about  in  the  same  way. 
Further,  the  disturbance  of  heat-dispei*sion  through  radiation  from  the  skin  and  the 
evaporation  of  water  is  not  always  the  same,  but  changes,  not  only  in  the  course  of  one 
febrile  disease,  but  also  in  different  forms  of  fever.  Correspondingly,  the  r61e  played 
by  the  nervous  system  in  the  occurrence  of  the  feverish  increase  of  temperature  is  not 
the  same  in  every  case.  According  to  AroTiwn,  the  essential  feature  of  fever  is  a 
pathological  increased  stimulation  of  the  heat-centres  whereby  the  motor- tropliic  ap- 
imratus  of  the  body  muscles  is  excited  to  an  increased  production  of  heat  and  to  changes 
in  the  heat-dispersion.  The  different  types  of  fever  are  determined  by  the  different 
kinds  of  stimuli,  which  in  the  infectious  diseases  are  especially  manifold.  The  founda- 
tion type  is  an  elevation  of  the  body-temperature  in  the  absence  of  any  other  disease  of 
the  body,  and  caused  solely  by  a  direct  mechanical,  electrical,  or  chemical  stimulation  of 
the  heat-centre.  According  to  Senator,  there  is,  in  fevers,  no  harmony  between  the 
regulation  of  heat  and  metabolism ;  and  we  must  therefore  assume  that  heat  is  developed 
through  other  processes  than  those  leading  to  the  production  of  urea  and  carbonic  acid. 
According  to  Herz,  heat  is  set  free  by  the  changes  in  the  arrangement  of  the  molecules 
of  the  cell-protoplasm,  which  occur  in  many  of  the  cells  in  fever  patients,  and  which 
lead  to  the  destruction  of  protoplasm.  Further,  heat  may  be  liberated  by  processes  of 
swelling  and  coagulation  of  the  protoplasm,  while  at  the  same  time  the  diminished  ac- 
tivity of  the  regenerative  processes  in  fever  occasions  a  loss  in  the  storing-up  of  latent 
heat.  On  the  other  hand,  Krehl  and  Malthes  are  of  the  opinion  that  oxidation  forms 
the  sole  source  of  heat. 
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CHAPTER  III. 

The  Protective  and  Healing  Forces  of  the  Human 
Body.    The  Acquiring  of  Immunity. 

I.   The   Natural    Protective   Contrivances,    Protective    Forces,    and 
Healins:  Powers  of  the  Human  Ors^anism,  and  their  Action. 

§  29.  The  human  organism  is  not  entirely  defenceless  against  the 
many  harmful  influences  to  which  men  during  the  course  of  their  lives 
are  exposed.  It  possesses  various  protective  contrivances  and  pro- 
tective forces,  by  which  it  is  able  in  many  cases  to  ward  off  the  injuri- 
ous agent,  or  at  least  rapidly  to  counteract  its  harmful  influence,  so  that 
a  disease  may  be  either  wholly  prevented  or  confined  to  a  slight  local 
lesion  of  much  less  severity  than  the  disease  usually  produced  by  the 
particular  injurious  agent.  As  the  mode  of  action  of  diflferent  injurious 
influences  varies  greatly,  so  does  the  manner  of  defence  likewise  vary 
grreatly.  The  protective  forces  may  act  at  very  diflferent  times — that  is, 
sometimes  even  before  the  tissues  have  been  damaged,  at  other  times 
after  the  injurious  action  has  reached  a  certain  stage,  and  threatens, 
either  through  direct  extension  or  through  metastasis,  or  through  poison- 
ing of  the  bod3'-fluids,  or  through  disturbance  of  function,  to  spread 
further  through  the  body. 

When  the  environment  of  the  body  becomes  relatively  cold  or  rela- 
tively warm,  those  regulating  functians  are  brought  into  play  through 
which  the  organism  can  increase  or  diminish  heat-production  and  heat-dis- 
persion, and  in  this  manner  protect  itself  within  certain  limits  against 
the  influence  of  the  external  temperature.  If  these  regulating  functions 
are  imperfectly  performed,  as  in  consequence  of  alcoholic  intoxication, 
the  individual  may  more  easily  die  from  the  eflPects  of  cold  than  when 
under  normal  conditions. 

We  cannot  speak  of  special  protecting  contrivances  against  gross 
mechanical  influences  /  yet  it  is  to  be  noted  that  the  tissues  by  virtue  of 
their  physical  properties  are  fitted  to  oflfer  resistance  to  numerous  forms 
of  traumatism  without  receiving  injury.  If  small,  firm  bodies,  such  as 
dust -particles,  reach  the  mucous  membrane  of  the  respiratory  or  intes- 
tinal tracts,  the  epithelium  forms  a  protective  barrier  against  their  en- 
trance into  the  tissue-spaces.  Further,  if  ciliated  epithelium  is  present, 
the  dust -particles  may  be  carried  away  by  the  movements  of  the  cilia,  or 
they  may  become  surrounded  by  the  mucus  produced  by  the  epithelium 
and  mucous  glands,  and  in  this  way  are  transported  out  of  the  body. 

Not  infrequently  there  appear  cells  on  the  surface  of  the  mucous 
membrane  which  encompass  the  dust-particles,  and,  taking  these  up  into 
their  substance,  are  carried  away  with  the  secretion  of  the  mucous  mem- 
brane. This  phenomenon,  known  as  phagocj/tosiSy  is  observed  on  the 
mucous  membranes  of  the  pharynx  and  respiratory  tract  and  in  the 
alveoli  of  the  lungs.  The  active  agents  participating  in  it  are  not  only 
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the  waudering-cells  which  pass  from  the  tissues  to  the  surface,  and  are 
derived  chiefly  from  the  blood-vessels  and  also  from  the  nodes  of 
lymphadeuoid  tissue  in  the  mucous  membrane,  but  epithelial  cells  as 
well.  The  peculiar  phenomenon  of  phagocytosis  depends  upon  the  fact 
that  the  cells  can,  by  movements  of  their  protoplasm,  take  up  little  par- 
ticles, which,  like  insoluble  dust,  exert  no  harmful  influence  upon  the 
cell-protoplasm.  If  these  cells  laden  with  dust  pass  outside  of  the  body, 
the  taking-up  of  the  dust  by  the  cells  appeal's  to  be  a  useful  activity 
which  aids  in  the  cleansing  of  the  organs  from  dust.  If  the  dust-laden 
cells,  on  the  other  hand,  as  happens  particularly  in  the  lungs,  pass  into 
the  lymph-channels  and  are  deposited  along  their  walls  or  are  carried  to 
the  lymph-glands — that  is,  if  a  metastasis  of  the  dust-containing  cells 
into  the  internal  organs  takes  place — the  taking-up  of  dust  by  these  cells 
appears  in  a  less  favorable  light;  and  we  can  regard  this  act  as  a  useful 
phenomenon  only  through  the  consideration  that  the  infiltration  of  the 
pulmonary  connective  tissue  and  lymph-glands  with  dust  is  less  harmful 
than  the  deposit  of  dust  on  the  inner  surface  of  the  alveoli. 

When  dust-particles,  free  or  enclosed  in  cells,  reach  the  lymph-glands^ 
they  are  arrested  and  deposited  in  the  cells  of  these  glands,  so  that  the 
lymph -glands  may  be  regarded  as  trustworthy  filters,  which  guard  the 
blood  and  the  internal  organs  from  the  entrance  of  dust. 

Against  the  action  ofpaisons  the  human  body  is  able  to  protect  itself 
in  various  ways.  In  the  case  of  corrosive  poisons  the  homy  layer  of  the 
epidermis  and  the  mucus  of  the  mucous  membranes  offer  a  certain  pro- 
tection ;  and  under  certain  conditions  a  marked  increase  in  the  produc- 
tion of  mucus  —  in  the  stomach,  for  example  —  may  greatly  diminish 
the  harmful  effects  of  a  corrosive  fluid.  Through  a  transudation  of  fluid 
from  the  blood-vessels  on  to  the  surface  of  the  mucous  membrane  a 
caustic  fluid  may  be  so  diluted  as  to  modify  its  action.  On  the  other 
hand,  the  injurious  substance  may  be  thus  spread  over  a  greater  surface, 
and  thereby  cause  a  more  widespread  damage  to  the  tissue. 

On  many  poisons,  abrin,  ricin,  the  toxins  of  cholera,  tetanus,  and 
diphtheria,  and  snake-venom,  the  digestive  juices  have  such  an  influence 
that  doses  invariably  fatal  when  injected  under  the  skin  may  be  borne 
with  impunity  when  taken  by  the  mouth.  According  to  Bansom, 
guinea-pigs  are  able  to  withstand,  when  administered  by  the  mouth,  an 
amount  of  tetanotoxin  equivalent  to  three  hundred  thousand  times  the 
minimal  fatal  dose.  According  to  Kencki  and  others,  this  neutralization 
of  the  poison  is  produced  by  the  digestive  enzymes,  at  one  time  chiefly  through 
the  pepsin,  at  another  time  through  the  trypsin  and  the  mixture  of  the 
pancreatic  juice  with  the  bile.  It  is  probable  (Nencki)  that  the  digest- 
ive enzymes  cause  a  slight  change  in  the  molecules  of  the  toxin,  similar 
to  the  change  of  albumin  into  albnniose;  and 'the  products  arising  from 
the  toxins  may  accordingly  be  termed  toxoses  or  toxoids.  The  intestinal 
enzynit^s  liave  no  neutralizing  influence  in  the  case  of  sausage-,  meat-, 
fish-,  bean-,  ])ea-,  etc.,  poisoning  produced  hy  the  BaciUus  botuUnus ;  and, 
therefore,  after  tlie  eating  of  such  inf(»cte(l  foods  severe  and  fatal  intoxi- 
cations may  occur. 

In  tlie  case  of  those  ]K)isons  which  after  their  entrance  into  the  lx>dy- 
jnices  act  injurionsly  ni)on  the  blood  or  the  nervous  system,  a  favorable 
counteraction  on  the  i)art  of  the  organism  may  be  given  partly  by  a 
rapid  excretion  of  the  poison  throngh  the  kidneys,  liver,  intestine,  pan- 
creas, salivary  glands,  nianiniary  glands,  sweat  glands,  and  lungs;  partly 
throngh  th(»ir  tnmsformation  info  combinations  soluble  icith  difficulty,  which 
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are  thus  stored  up  iu  different  organs  (liver),  and  partly  through  a  change 
of  the  poisons  into  combinations  that  are  relatively  harmless  and  easily  soluble, 
which  are  then  taken  up  into  the  circulation  and  exci*eted,  and  partly- 
through  a  chemical  change  of  the  poison. 

Of  natural  immunity  against  poisons  or  natural  resistance  to  poisons  we 
know  but  little  at  present,  yet  there  is  no  doubt  that  many  poisons  are 
poisonous  only  for  certain  oiganisnis,  and  it  is  probable  that  man  is  re- 
sistant to  many  poisons  which  are  injurious  to  certain  animals.  The 
same  thing  holds  trne  especially  of  the  toxins  (§  11),  such  as  are  formed 
by  bacteria  or  by  higher  animals  (snakes)  and  plants  (ricin  and  abrin). 
If  we  consider  that  many  animals  are  only  slightlj'  or  not  at  all  suscepti- 
ble to  poisons  which  have  marked  action  upon  the  human  body — for 
example,  the  hedgehog  is  immune  or  resistant  tocantharidinand  the  bite 
of  poisonous  snakes  respectively ;  birds  are  immune  against  atropine  and 
opium;  goats  against  lead  and  nicotine;  while  dogs,  rats,  or  other  ani- 
mals used  for  experiment  show  a  disproportionately  greater  resistance  to 
bacterial  poisons  or  plant-alkaloids  than  does  man— so  it  is  very  prob- 
able that  the  reverse  is  also  true.  The  natural  immunity  of  man  against 
many  of  the  infectious  diseases  of  animals  must  depend  upon  a  resistance 
to  the  toxins  produced  by  the  particular  bacteria.  According  to 
Ehrlich,  this  resistance  to  poisons  may  be  explained  by  the  theory  that 
the  particular  toxin  possesses  no  chemical  relationship  to  any  one  of  the 
body  elements.  A  relative  immunity  may  therefore  depend  upon  the 
fa(*t  that  the  healthy  individual  possesses  already  a  certain  amount  of 
antitoxin  (for  example,  against  diphtheria  toxin). 

Fromm  has  recently  briefly  summarized  our  knowledge  concerning  the  chemical 
protective  resources  of  the  animal  body  in  intoxications.  Inorganic  jwisons  are  rendere(i 
narmless  chiefly  by  three  kinds  of  chemical  action — oxidation,  reduction,  and  combina- 
tion with  a  protective  body  with  liberation  of  water.  Phosphates  and  sulphides  are 
oxidized  so  that  phosphoric  acid  and  sulphuric  acid  arise  which  are  neutralized  and 
excreted.  The  iodates  and  chlorates  are  changeci  into  the  easily  soluble  and  less 
poisonous  iodides  and  chlorides  which  are  then  excreted.  The  metallic  salts  and 
metallic  oxides  are  converted  into  albuminates  (the  salt-like  combination  of  metallic 
oxide  and  albumin)  or  into  sulphides.  Inorganic  acids  are  combined  through  alkalies 
and  changed  into  less  poisonous  salts. 

Organic  poisons  are  transformed  into  non-poisonous  substances  through  oxida- 
tion, reduction,  the  liberation  or  the  taking  up  of  water.  Often  several  reactions  follow 
one  another;  usually  the  product  arising  through  oxidation  or  reduction  is  combined 
to  one  or  more  other  substances  with  the  liberation  of  water.  Such  protective  sub- 
stances are  represented  particularly  by  the  sulphates  arising  through  the  disintegra- 
tion and  oxidation  of  albumin,  by  glycocoll  arising  in  the  breaking  down  of  albumin, 
glycuronic  acid  arising  through  tne  oxidation  of  the  carbohydrates,  and  perhaps  also 
urea. 

Poisonous  acids  of  the  fat  series  are  oxidized  to  carbonic  acid  and  water.  Phenol 
and  those  bodies  which  through  oxidation  pass  directly  into  phenol  are  through  a 
combination  with  sulphuric  acid  made  soluble,  harmless,  and  capable  of  being  excreted; 
for  example,  phenol  is  excretefi  as  potassium-phenol-sulphate;  benzoic  acid  and  its 
oxidation  products  and  those  substances  that  are  tmnsformed  directly  into  benzoic 
acid  or  their  derivatives  are  combined  by  glycocoll;  trimethyl  carbinol,  naphthol.and 
chloral  hydrate  appear  in  the  urine  combined  with  glycuronic  acid,  chloral  hydrate 
after  its  transformation  into  trichlorethyl  alcohol. 
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§  30.  Against  the  infections  and  intoxications  caused  by  parasites 
the  human  organism  possesses  various  protective  contrivances  and 
powers  of  defence;  and  these  play  a  very  important  r61e  in  the  diseases 
caused  by  bacteria.  In  the  first  place,  man  possesses  a  natural  immu- 
nity a^inst  many  of  the  micro-oi'ganisms  pathogenic  for  animals  (for 
exami)le,  swine  plague,  swine-erysipelas,  cattle-plague,  symptomatic 
anthrax),  so  that  the  given  micro-organisms  are  not  able  to  reproduce 
within  the  l>ody,  either  because  tliey  do  not  find  in  human  tissues  tlie 
necessary  conditions  of  life,  or  because  the  presence  of  certain  chemically 
active  substances  hinders  their  increajse  or  kills  them  directly.  Further, 
immunity  may  also  rest  upon  the  simple  fact  that  the  poisons  produced 
by  given  bacteria  in  a  given  organism  are  insictive  because  no  chemical 
affinity  or  relationship  exists  l>etween  the  poisons  and  any  one  of  the 
body  elements.  For  the  protection  of  tlie  body  against  the  pathogenic 
micro-organisms  there  are  available  certain  protective  forces,  which, 
according  to  their  action,  may  be  divided  into  four  groups:  the  first  hin- 
dering the  enti-ance  of  bacteria  into  the  tissues;  the  second  hindering 
the  unlimited  local  spread  of  those  bacteria  which  have  gained  entrance 
and  have  begun  to  multiply;  the  third  preventing  the  entrance  of  bacv 
teria  iito  the  blood  and  their  metastasis;  the  fourth  hindering  intoxica- 
tion, or  at  least  weakening  it,  and  reducing  it  to  a  low  degree. 

For  the  prevention  of  the  entrance  of  pathogenic  bacteria  into  the 
tissues  the  sjinie  properties  of  tissues  are  elfective  as  those  hindering  the 
entrance  of  dust;  and  in  such  Ciiirdcity  ihe protective  epUhefium  und  the 
mtirtts  play  a  very  important  role.  In  the  respiratory  tract  the  move- 
ments  of  the  ciUated  epithelium  also  furnish  protection,  and  in  the  stomach 
\\w  poimnous  action  of  the  gantric  juice  n])on  many  pathogenic  bacteria  is 
an  efficient  means  of  defence.  There  can  be  no  doubt  that  many  patho- 
genic bacteria  are  not  able  to  penetrate  into  the  tissues,  not  only  through 
the  uninjured  external  skin,  but  also  through  an  unwounded  mucous 
membrane,  without  some  assistance  favoring  colonization  and  reproduc- 
tion, and  that  the  stomach  seci'etion  not  infrequently  hinders  the  activity 
of  the  bacteria  (pneumococcus,  cholera  spirillimi),  or  even  kills  them. 

It  appears  also  that  the  mucus  secreted  by  the  mucous  membranes  not 
only  can  envelop  the  bacteria,  hinder  their  entrance  into  the  tissue,  and 
favor  their  removal,  but  that — what  is  of  much  gi^ater  importance — the 
mucus  acts  upon  the  bacteria,  causing  them  to  degenerate,  either  in  that 
it  contains  substances  which  are  injurious  to  the  bacteria  or  in  that  it 
oflTers  an  unfavorable  medium  for  the  growth  of  the  bacteria.  In  this 
way,  according  to  Sanarelli  and  Dittrich,  pus-cocci,  cholera-spirilla,  and 
pneumococci  gradually  lose  their  virulence  and  die  in  the  mucus  of  the 
mouth-cavity,  while  diphtheria-bacilli  and  tubercle-bacilli  apparently 
are  not  injun^d  by  mucus.  In  the  secretions  of  the  vagina  and  uterus, 
various  kinds  of  l)act(^ria  likewist*  soon  die. 

In  the  intestine  the  bacteria  nornially  present  there  (B.  coli  communis, 
li.  liK'tis  aerogenes)  afford  an  effective  protection  against  the  multiplication 
of  any  pathogenic  bacteria  that  may  happen  to  be  present ;  for  example, 
against  diphtheria  and  tetanus  biWiilli  andiigainst  cholera-spirilla,  while, 
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on  the  other  hand,  llie  development  of  staphylococci  and  streptococci 
does  not  appear  to  be  hindered  by  them. 

Not  every  pathogenic  organism,  therefore,  which  gains  a  foothold 
iilK)n  the  skin  or  upon  any  of  the  accessible  mucous  membranes  or  gains 
entrance  into  the  intestines  or  the  lungs  produces  an  infection.  It  has 
been  shown  through  repeated  investigations  that  in  normal  individuals 
there  not  infrequently  occur  in  the  upper  respiratory  passages  and  mouth - 
c-avity  not  only  harmless  bacteria — i.e.,  those  which  cannot  reproduce  in 
liuniau  tissues — but  also  those  which  can  undoubtedly  produce  disease, 
as,  for  example,  cocci  which  cause  suppuration  or  those  which  are  able 
to  cause  croupous  inflammation  of  the  lung.  It  must,  therefore,  be 
/^ranted  that  bacteria  which  are  found  upon  the  mucous  membranes  and 
have  perhaps  multiplied  there  often  die  and  are  carried  away  without 
having  produced  infection.  This  occurs  especially  in  the  case  of  the 
cocci  above  mentioned,  and  tubercle-bacilli,  as  well  as  in  the  cjise  of 
cholera-spirilla  which  suffer  when  brought  into  contact  with  the  acid 
secretions  of  the  stomach.  Finally,  it  maj"  also  be  assumed  that  of  the 
pathogenic  bacteria  entering  the  alveoli  of  the  lung  in  the  inspired  air, 
many  do  not  reproduce,  but  die. 

When  bacteria  have  succeeded  in  s^ainins:  entrance  locally  and 
have  bes:un  to  multiply — no  matter  whether  they  have  passed  through 
the  epithelium  without  the  aid  of  any  other  influence  (typhoid-bacilli, 
cholera-spirilla),  or  whether  they  have  passed  into  the  connective  tissues 
through  the  medium  of  small  wounds  (tetanus- bacilli,  pus-cocci,  tubercle- 
bacilli) — if  they  produce  further  effects  either  through  local  destruction 
of  tissue  or  through  the  poisoning  of  the  fluids  of  the  body,  there  may 
be  brought  into  action  on  the  part  of  the  body  certain  counter-influences 
ichich  either  hinder  the  further  development  of  the  bacteria  or  weaken  or  even 
completely  destroy  the  poisons  produced  by  them.  The  first-named  restraining 
influence  must  naturally  depend  upon  local  conditions,  either  upon  vital 
tissue-processes  or  upon  the  effects  of  chemical  substances. 

As  previously  mentioned,  the  development  of  bacterial  colonies  gives 
rise  to  local  tissue-degenerations,  inflammation,  and  tissue-proliferations 
— all  of  which  are  processes  in  which  the  amount  and  composition  of  the 
fluids  found  in  the  affected  region,  as  well  as  the  cells  themselves,  are 
changed.  Since  in  some  of  these  cases  a  destruction  of  the  bacteria  has 
been  observed,  and  the  infection  not  infrequently  comes  to  an  end 
through  the  complete  disappearance  of  the  bacteria,  the  death  of  the 
latter  must  be  regarded  as  dependent  upon  local  conditions. 

Many  writers  ascribe  the  prevention  of  the  further  spread  of  the 
infection  and  the  destruction  of  the  bacteria,  in  local  foci  of  growth,  to 
the  activity  of  cells  which  collect  at  the  seat  of  infection  and  take  up  the 
bacteria  into  their  protoplasm — that  is,  to  phagocytosis  is  ascribed  the 
most  important  r61e  in  the  protection  of  the  body  against  bacterial  in- 
vasion. According  to  Metschnikoff  and  others,  the  amoeboid  cells  of  the 
body  carry  on  a  fight  against  the  foreign  invaders  and  endeavor  to  over- 
come them  and  destroy  them.  Such  a  characterization  of  the  phenomena 
of  phagocytosis  is  not  supported  by  the  actual  facts,  and  can  be  regarded 
only  as  a  poetical  manner  of  expression  by  which  consciousness  and  will- 
power are  attributed  to  the  amoeboid  cells  of  the  body  (the  leucocytes 
and  the  proliferating  tissue-cells) — which  attributes  it  is  evident  do  not 
exist.  Scientifically  considered,  the  gathering  of  the  cells  at  the  infected 
focus  and  the  resulting  phagocytosis  represent  simply  an  expression  of 
certain  processes  which  are  natiu^al  to  the  amoeboid  cells,  and  which  are 
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dependent  upon  the  fact  that  the  cells  under  the  influeuceof  mechanical, 
chemical,  and  thermal  influences  perform  certain  definite  movements. 
We  know  through  numerous  investigations  that  the  motile  cells  of  the 
body  are  in  part  attracted,  in  part  repelled  or  paralyzed  by  means  of 
chemical  substances  iu  certain  concentrations  of  solution  (see  the  Chapter 
on  Inflammation);  and,  further,  that  contact  with  hard  bodies  can  stim- 
ulate them  to  the  sending-out  of  protoplasmic  processes. 

Such  phenomena  are  designated  as  negative  and  positive  chemo- 
tropismus  or  cfiemotaxis  and  as  tactile  irritability.  We  must  assimie 
that  the  bacteria  multiplying  within  the  tissues  act  upon  the  amoeboid 
cells  through  the  chemical  substances  which  they  produce,  sometimes  re- 
pelling or  paralyzing,  sometimes  attracting,  in  the  latter  case  affording 
conditions  favorable  for  phagocytosis.  The  bacterial  proteins  arising 
from  the  bodies  of  dead  or  dying  bacteria  and  passing  over  into  solution 
in  the  body  juices  have,  in  particular,  a  positive  chemotactic  action  upou 
the  phagocytes. 

The  result  of  Hie  tukiyig-up  of  bacteria  into  cells  depends  in  a  particular 
case  partly  upon  the  properties  of  the  devouring  cells,  partly  upon  the 
properties  of  the  microparasites,  and  can  result  as  well  in  the  death  and 
dissolution  of  the  parasite,  as  in  the  death  of  the  cells;  or  in  a  symbiosis 
of  the  cells  with  the  parasites,  the  latter  living  within  the  cells  un- 
changed and  giving  rise  to  no  disturbance.  In  the  first- named  case  the 
phagocytosis  may  be  regarded  as  a  curative  process  which  hinders  the 
multiplication  and  spread  of  the  bacteria.  In  the  second  and  third 
cases,  on  the  conti'ary,  the  phenomenon  is  usele£3  for  the  prevention  of 
the  spread  of  the  parasites;  indeed,  there  are  cases  (leprosy  and  to  some 
extent  also  tuberculosis)  in  which  the  parasites  find  favorable  conditions 
for  development  inside  of  the  cells,  increase  within  them,  and  finally 
(*anse  their  destruction.  If  the  cells  containing  bacteria  remain  pre- 
served for  a  length  of  time,  they  may  wander  with  the  enclosed  bacteria 
to  other  parts  of  the  body,  in  this  way  effecting  a  metastasis. 

Phagocytosis  is  therefore  only  of  slight  significance  as  a  protective  force  in 
a  certain  number  of  cases;  yet  it  cannot  be  doubted  that  the  phagocytes  in 
certain  infections  take  up,  not  onlj^  dead  or  dying,  but  also  living  bac- 
teria not  yet  injured  by  other  agents,  and  can  cause  their  death.  The 
collection  of  gretit  numbers  of  cells  in  the  infected  tissue  may,  through 
the  close  packing  of  the  lymphatics,  offer  a  certain  mechanical  hindrance  to 
the  spread  of  bacteria,  yet  the  protection  so  afforded  is  frequently  in- 
sufficient. 

If  bticteria,  either  free  or  enclosed  in  cells,  pass  from  the  lymph -ves- 
sels into  the  lymph-glands,  the  latter  act  as  filters,  as  in  the  case  of 
dust,  and  retain  the  bacteria;  but  the  protection  which  they  offer  is 
sufficient  only  when  the  bacteria  so  collected  in  the  lymph-glands  are 
hindered  in  their  reproduction  and  are  killed  by  the  influence  of  their 
surroundings.  The  destruction  may  be  accomplislied  under  the  influence 
of  phagocytosis,  but  in  many  cases  phagoci/tosis  is  possible  only  when  the  bac- 
teria are  weakened  or  have  already  been  killed.  Further,  the  taking-up  of 
living  bacteria  by  the  cells  is  not  always  followed  by  destruction  of  the 
bacteria,  but  there  very  frequently  takes  place  an  intnicellular  multipli- 
cation of  the  bacteria. 

More  important  than  phagocytosis  for  the  ])revention  of  the  spread 
of  bacteria  and  other  micropanisites  is  the  inlluence  exerted  by  certain 
chemical  substances  in  solution  in  the  tissues.  Since  the  saprophy- 
tic, non -pathogenic  bacteria,  when  injected  into  living  tissue,  are  killed 
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vithiii  SI  very  short  time,  we  must  assume  tliat  in  the  tisHueft  there  are 
present  chemicaUy  active  svbstarwes  which  are  poisonous  for  many  bacteria  and 
can  cause  their  rapid  destruction.  Further,  since  many  pathogenic  bac- 
teria ordinarily  increase  only  locally  (tetanus-bacilli,  diphtheria-bacilli, 
cholera-spirilla)  and  after  a  certain  time  perish  within  the  infected  area, 
without  spreading  further  through  the  body,  it  is  very  probable  that  the 
tissues  of  the  body  also  contain  substances  which  are  poisonous  for 
many  pathos^enic  bacteria  and  prevent  their  spread.  The  phenomena 
observed  in  local  infections  speak  also  for  the  fact  that  such  substances 
at  times  are  formed  in  increased  amounts  or  are  aided  in  their  action  by 
newly-formed  poisonous  substances.  It  is,  furthermore,  probable  that 
the  crowding  of  cells  which  takes  place  in  the  infected  tissue  or  in  its 
neighborhood  leads  also  to  an  increase  in  the  production  of  these  poison- 
ous substances,  and  may  thereby  hinder  the  spread  of  the  bacteria;  nev- 
ertheless, attention  should  be  drawn  to  the  fact  that  in  many  infections 
the  spread  of  bacteria  through  the  tissues  comes  to  a  standstill  in  places 
where  there  has  been  no  crowding  together  of  cells.  It  is  also  a  fact 
that  in  many  infections  the  spread  of  bacteria  through  the  body  by 
metastasis  is  either  wholly  wanting  (tetanus,  diphtheria)  or  at  least  is 
insignificant  in  comparison  with  the  local  infection,  and  is  usually  fol- 
lowed by  relatively  insignificant  local  changes.  The  explanation  of  this 
fact  is  to  be  sought,  not  so  much  in  the  assumption  that  local  tissue- 
changes,  through  the  formation  of  special  chemica»l  substances  or  through 
the  aid  of  mechanical  substances  or  through  the  aid  of  mechanical  hin- 
drances— such  as  that  afforded  by  a  wall  of  cells — hinder  the  entrance  of 
bacteria  into  the  lymph  and  blood,  but  much  more  in  the  fact  that  there 
are  present  in  the  lymph  and  blood  itself  ceiiain  forces  which  are  able  to  in- 
jure and  weaken  the  bacteria  taken  up  into  these  fluids  or  to  destroy 
them.     (8ee  paragraph  below  on  opsonins.) 

The  hostile  action  of  the  blood  on  bacteria  has  been  ascribed  to  the 
phagocytic  action  of  the  leucocytes;  and  this  theory  is  supported  by  the 
tact  that  such  a  phagocytosis  can  be  demonstrated  very  frequentlj^  in 
acquired  infections  or  after  the  artificial  introduction  of  bacteria  into  the 
blood;  and,  further,  by  the  fact  that  the  bacteria  within  the  blood,  en- 
closed in  cells,  may  often  be  carried  out  of  the  blood-vessels  and  deposited 
in  different  organs — for  example,  the  spleen,  liver,  bone-marrow,  and 
tlie  kidneys — and  there  destroyed  or  excreted  from  the  body.  These 
observations  do  not  warrant  the  conclusion  that  phagocytosis  forms  a 
protection  against  the  spread  of  bacteria  in  the  lymph  and  blood ;  in- 
deed, in  those  very  cases  in  which  a  transportation  of  bacteria  through 
the  blood  does  not  take  place,  phagocj-tosis  is  also  absent ;  while  on  the 
contrary,  the  entrance  of  bacteria  into  the  blood,  and  the  multiplication 
of  the  same  inside  of  the  blood-vessels,  is  very  often  accompanied  or  fol- 
lowed by  phagocytosis.  Here,  again,  i)hagocytosis  is  of  the  nature  of  a 
secondary  phenomenon  which  occurs  when  there  are  present  in  the  blood 
bacteria  or  protozoa,  that  are  n«)t  able  to  i)revent  themselves  being  taken 
up  into  the  bodies  of  the  leucocytes — that  is,  they  exert  a  positive  at- 
traction on  the  phagocytes. 

When  bacteria  are  taken  up  by  cells,  they  either  dic^  or  contimu*  to 
multiply  inside  of  the  cells,  according  to  their  properties  and  their  con- 
dition at  the  time  of  the  phagocytosis. 

The  forces  which  are  able  to  hinder  the  development  of  bactcM-ia  in 
the  blood  are  believed  by  the  majority  of  writei*s  to  depend  upon  tlie 
presence  of  antibacterial  chemical  substances,  which  are  designated 
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alexins  (Buchner)  or  jnycosozins  (Haiikin).  According  to  Buchner,  with 
whom  the  majority  of  authora  are  iu  harmony,  there  is  formed  a  fer- 
ment-like body,  an  enzyme  {cytane  [Metschnikoflf] ),  which,  through  the 
aid  of  an  intermediate  body  (amboceptor),  exerts  its  destructive  action 
upon  the  bacteria.  The  leucocijtes  themaelves  are  probably  the  chief  producers 
of  this  protective  body,  and  the  leucocytosis  observed  in  the  blood  in  the 
course  of  many  infections  may  therefore  increase  the  protective  power 
(see  opsonins  below). 

So  far  as  conclusions  can  be  drawn  from  the  behavior  of  the  human 
and  animal  organisms  iu  infectious  diseases,  we  may  assume  that  in  the 
blood  of  man  there  are  always  present  protective  chemical  substaticeSy  that  is, 
alexins,  particularly  so  against  bacteria  which  never  or  only  exception- 
ally enter  the  blood;  and  that  others,  on  the  contrary,  are  produced  only 
dunng  the  course  of  an  infection,  so  that  not  until  a  certain  stage  of  the 
infection  does  an  inhibition  of  the  development  of  the  bacteria,  through 
the  formation  of  antibacterial  substances,  occur.  In  favor  of  such 
hypothesis  speaks  the  fact  that  many  bacteria  (typhoid-bacilli,  cholera- 
spirilla,  pus-cocci)  possess  at  first  their  f nil  virulence  when  distributed 
through  the  body  by  the  blood,  but  later  suffer  a  loss  of  virulence  and 
finally  die. 

Tlie  means  of  protection  which  the  organism  possesses  as^ainst  tlie 
poisons  produced  in  the  tissues  by  bacteria  are  to  be  found,  fii-st,  in 
the  possibility  of  a  rapid  excretion  of  the  poisons  by  the  kidneys,  or, 
under  certain  circumstances,  also  by  the  stomach,  intestine,  and  skin ; 
and  this  action  may  in  certain  cases  suffice  to  prevent  a  fatal  poisoning. 
Further,  in  certain  infections  iu  which  true  toxins  are  formed  there  is  an 
antagonistic  action  on  the  part  of  the  organism,  in  the  sense  that  these 
poisons  are  made  ineffective  through  the  action  of  counter  poisons,  the 
so-called  antitoxins.    (See  g  31  and  §  32. ) 

The  antibacterial  properties  of  the  blood  and  lymph  against  certain  bacteria  have  been 
demonstrated  conclusively  by  the  experimental  investigations  of  various  writers. 
These  experiments  have  shovi-n  that  the  bactericidal  action  of  the  blood  of  a  given  ani- 
mal is  exerted  only  upon  certain  forms  of  bacteria  and  never  upon  all;  and  that  this 
action  is  subject  to  individual  variations. 

According  to  the  investigations  of  Fodor,  Petruachky,  Nuttal,  Ogata,  Buchner,  Beh- 
rim^,  Nissen,  Pansini,  and  others,  the  blood  and  the  serum  from  dogs,  rabbits,  and 
white  rats  are  capable  of  rendering  the  anthrax-bacillus  harmless,  and  even  of  killing  it; 
but  this  action  is  a  limited  one,  so  that  after  the  introduction  of  a  large  number  of  the 
bacilli  into  the  blood  taken  from  the  vessels,  the  bacilli  after  a  time  begin  to  multiply. 
Defibrinated  blood  of  dogs  and  rabbits  can  destroy  the  cholera-spirillum  and  typhoid- 
fever  bacillus;  but.  on  the  other  hand,  has  no  effect  upon  the  different  pus-cocci,  and 
against  proteus;  the  same  is  true  also  with  regard  to  the  blood-serum.  Human  blood 
or  blood-serum  can  kill  typhoid-bacilli,  diphtheria-bacilli,  and  the  bacilli  of  glanders. 

V'm  Baumgarten  and  Walz,  as  well  as  A.  Fischer,  oppose  the  view  that  there  are 
chemically  active  substances  in  the  blood,  and  explain  the  natural  immunity  of  the 
tissues  and  the  blood  against  certain  bacteria  as  due  wholly  to  the  inability  of  the  bac- 
teria to  find  there  the  necessary  chemical  conditions  for  growth  and  multiplication. 
Thev  rejrard  the  fact  that  different  bacteria  which  have  been  passed  into  the  blood 
or  blood-serum  do  not  develop  at  all,  or  show  but  partial  or  delayed  growth  and  a  great 
diminution  in  numbers  when  cultivated  upon  plates,  as  in  no  manner  speaking  for  the 
presence  of  bactericidal  substances  in  the  blood.  According  to  their  view,  the  second 
transplantation  into  another  culture-mediimi  causes  a  disturbance  of  the  processes 
of  assimilation  and  osmosis.  There  arise  in  conse(|ucnce  plasmolytic  changes  in  the 
bacteria  present  in  the  serum;  during  the  pouring  of  the  plates  the  already  injured 
cells  <lie  from  disturbances  of  assimilation.  On  the  other  hand,  it  is  to  be  rioted  that 
.4.  and  H.  Kossel  have  demonstrated  that  certain  products  of  animal  cells  (nucleinic 
acid,  protamine)  possess  bactericidal  properties. 

The  alexins  of  the  blood  serum  are  made  inactive  through  heating  to  55°  C, 
and  are  very  susceptible  to  the  action  of   sunlight  {Buchner),  and    they  can  also  be 
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destroyed  by  living  bacteria  and  their  decomposition  products.  They  resist  pepsin. 
The  addition  of  salt  to  the  serum  lowers  their  sensibility  to  heat.  By  means  of  a  90- 
per-cent  sodium  sulphate  solution  there  may  be  obtained  from  dog  serimi  a  precipitate 
which  remains  active  when  dried  at  70°  C. 

The  bactericidal  action  finds  its  analogy  in  the  globulicldal  and  hemolytic 
action  of  the  serum;  that  is,  its  capacity  to  destroy  and  dissolve  the  red  blood-cells 
of  an  animal  of  a  different  speci-s. 

According  to  the  investigations  of  Ehrlich  and  his  students  the  bactericidal  and 
globullcldal  antibodies  contain  two  components,  one  thermolabile,  which  is  destroyed 
by  heating  to  55-60' C,  and  a  thermostabile,  which  resists  heating.  Both  must  act  to- 
gether in  order  to  bring  about  the  death  of  bacteria  or  the  dissolution  of  the  red  blood- 
cells. 

Ehrlich  designates  the  thermostabile  component  as  the  immune  body  or  inter- 
mediate body  {Bordet  *'as  the  substance  sensibila trice"),  the  thermolabile  as  the  com- 
plement (earlier  designated  the  addiment).  To  the  immune  body  he  ascribes  two 
haptophorous  side-chains,  one  the  cytophile,  which  unites  with  the  cell  (bacterial  cell, 
red  blood-cell),  for  which  it  possesses  a  chemical  affinity,  and  a  complemenlophile,  which 
combines  with  the  complement.  It  is  therefore  an  amboceptor,  which  carries  over  the 
action  of  the  complement  to  the  cell.  Buchner^s  alexin  is  identical  with  the  thermola- 
bile component,  the  complement  of  Ehrlich  (Bordet).  That  a  union  of  the  immune 
body  with  red  blood-cells  and  bacteria,  respectively,  does  take  place  has  been  demon- 
strated by  the  investigations  of  Ehrlich,  Morgenroth,  Hahn,  Trommsdorff^  von  Dungerny 
and  others. 

Hankin,  Kanthack,  Deny 8,  Hahn,  Lowit,  and  others  assume,  on  the  ground  of 
experimental  investigations,  that  the  alexins  are  produced  by  the  leucocytes.  Kossel 
holds  it  as  possible  that  the  nucleinic  acid  present  in  the  leucocytes  in  relatively  rich 
amounts  plavs  a  r61e  in  the  destruction  of  the  bacteria.  Noesske  believes  that  the  eosino- 
phile  cells  of  the  bone-marrow  in  particular  produce  bactericidal  substances.  It  is  not 
possible  at  the  present  time  to  draw  a  definite  conclusion  as  to  the  part  played  by  the 
colorless  cells  of  the  blood  in  the  defence  against  infections. 

According  to  Bitter,  the  bactericidal  substance  found  in  oraans — that  derived  from 
the  lymph-glands, spleen, and  thymus — is  to  a  certain  extent  different  from  that  of  the 
blood  and  the  blood-serum,  and  therefore  does  not  originate  wholly  in  the  blood.  It  is 
certain  that  the  bactericidal  action  of  the  blood  is  not  the  only  protective  influence 
which  can  oppose  the  spread  of  an  infection,  or  whcUy  prevent  it,  and  confer  immunity. 

According  to  observations  of  Czaplexcski,  anthrax-bacilli  in  an  infected  organism, 
which  have  b^n  taken  up  into  leucoc^'tes,  degenerate  as  a  rule  more  slowly  than  those 
Ij'ing  free  in  the  blood  and  tissue-juices.  It  appears,  therefore,  as  if  under  certain 
CDnditions  the  cells  afford  to  the  bacteria  which  they  enclose  a  certain  degree  of  pro- 
tection from  the  bactericidal  substances  of  the  tissue-fluids. 

The  antitoxins  which  render  the  bacterial  poisons  harmless  are  usually  formed  first 
during  the  course  of  the  infection;  but,  according  to  the  investigations  of  Wasser- 
mann,  Abel,  Fischl,  t>on  Wunschheim,  and  others,  the  serum  of  healthy  men  also  con- 
tains such  substances.  Serum  which  contains  the  antitoxin  against  ft  certain  toxin — 
as.  for  example,  that  against  the  diphtheria-toxin — can  be  a  good  culture-medium  for 
the  given  bacteria;  the  antitoxin  does  not  destroy  the  bacteria. 

Animals  refractory  toward  diphtheria  contain  in  the  blood  serum  no  diphtheria 
antitoxin,  but  according  to  Wassermann  about  80  per  cent  of  human  individuals  have 
in  their  bl'X)d  a  not  insignificant  amount  of  antitoxin.  The  immunity  of  the  animals 
depends  therefore  not  upon  the  presence  of  the  antitoxin,  but  on  a  lack  of  affinity 
between  the  poison  and  the  tissue-cells  {Ehrlich  and  Wassermann).  It  is  possible 
to  produce  in  mice  a  fatal  intoxication  with  the  blood  of  apparently  healthy  fowls 
that  have  been  injected  with  large  doses  of  tetanus  toxin. 

C^sonlns.  The  protective  function  of  phagocytosis  has  in  recent  years  been 
accorded  a  position  of  ^reat  importance  through  the  discovery  by  Wright  and  Douglas 
(1902)  of  the  presence  m  the  blood  and  other  fluids  of  the  body  of  certain  substances, 
called  by  them  opsonins,  which  render  various  bacteria  susceptible  to  the  phagocytic 
action  of  leucocytes.  It  is  now  apparently  an  established  fact  that  certain  special 
substances,  normal  and  immune,  act  upon  the  bacteria  and  change  them  in  such  a 
manner  that  they  are  readily  taken  up  by  polynuclear  leucocytes  in  vitro.  Opso- 
nins capable  of  acting  upon  a  variety  of  bacteria  occur  in  normal  blood.  They  appear 
to  be  the  most  important  antibodies  in  infections  with  streptococci,  staphylococci, 
pneumococci,  micrococcus  melitensis.  gonococci,  meningococci,  the  bacilli  of  plague, 
dysentery,  anthrax,  tuberculosis,  typhoid  fever,  the  colon  bacillus,  cholera  spirillum, 
etc.  Whether  this  wide  range  of  opsonic  action  is  dependent  upon  a  common  opsonin 
or  upon  a  variety  of  specific  opsonins  is  not  yet  determined.  Specificity  of  the  opsonins 
prolwbly  does  not  exist.     Various  researcnes  suggest  that  they  may  be  a  constant 
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guantity.  They  are  to  a  certain  extent  thermolabile,  being  partly  destroyed  at  60-65® 
Bacteria  first  treated  with  normal  serum  and  then  exposed  to  this  temperature 
are  taken  up  as  under  normal  conditions.  The  opsonic  pouer  of  the  blood  is  increased 
in  recovery  from  infection,  and  it  can  also  be  artificiallv  increased  by  immunization 
with  living  attenuated  bacteria,  dead  bacteria,  or  proteid  constituents  of  the  bacterial 
cells.  The  opsonic  index  is  the  relative  influence  of  a  patient's  blood  upon  phagocy- 
tosis as  compared  with  that  of  normal  individuals.  It  is  determined  by  mixing  m 
a  capillary  tube  equal  parts  of  the  patient's  serum,  a  suspension  of  leucocytes,  and  an 
emulsion  of  the  bacteria  against  which  the  index  is  taken.  Control  tests  are  made  in 
the  same  way  with  normal  serum.  The  mixtures  are  incubated  for  a  time,  thin  smears 
are  made,  dried,  and  stained,  and  the  average  number  of  bacteria  taken  up  by  the 
leucocytes  is  estimated.  Regarding  the  index  of  the  normal  blood  as  unity,  the  average 
number  of  bacteria  in  the  leucocytes  of  the  patient's  serum  divided  by  it  will  be  the 
opsonic  index.  75-100  leucocytes  are  usually  counted.  A  low  opsonic  index  is  taken 
as  indicating  the  presence  of  an  infection  or  of  a  low  degree  of  resistance  to  it,  while  a 
high  index  indicates  a  high  degree  of  resistance  to  a  recovery  from  infection. 
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§  31.  The  healing-powers  of  the  human  body  are  furnis^ied  by  Utose 
life  processes  which  are  able  to  compensate  for  the  disturbances  and  changes 
caused  by  disease ,  and  to  render  harmless  or  to  remove  any  harmful  agent  that 
may  still  be  present  in  the  body.  If  portions  of  tissue  have  been  destroyed,  the 
healing  consists  essentially  in  the  removal  of  the  changed  and  dead  tissue,  and 
its  replacement  by  new  tissue. 

When  from  any  cause  the  temperature  of  the  body  becomes  abnor- 
mally low  or  abnormally  high,  compensation  may  be  effected  in  such 
a  way  that  through  the  suitable  regulation  of  the  heat -production  and 
heat -dispersion  the  temperature  of  the  body  may  be  brought  back 
to  the  normal.  If  through  trauma  a  portion  of  tissue  is  destroyed,  the 
organism  may  repair  the  defect  either  through  the  local  production  of 
new  tissue  {regeneration)  or  by  a  corresponding  increase  in  other  similar 
tissues  {compensator^  hypertrophy). 

If  poisons  enter  the  body  and  produce  symptoms  of  intoxication, 
healing  can  follow  only  through  the  rapid  excretion  of  the  poison,  or  its 
destruction  or  neidralization  within  the  body :  while  at  the  same  time  the 
damaged  tissues,  under  the  influence  of  normal  nutrition,  agiiin  return 
to  their  normal  state,  existing  defects  being  properly  compensated. 

In  infections  the  healing  processes  follow  directly  upon  the  action  of 
the  protectire  forces  ;  indeed,  the  action  of  the  latter  constitutes  the  first 
stage  of  healing;  th4*  protective  and  healing  processes  are  in  part  identical. 

In  many  infectious  diseases  the  healing  influence  of  protective  sub- 
stances already  present  in  the  affected  body  is  supplemented  by  the  ap- 
pearance of  new  substances  foreig^n  to  the  normal  organism,  which  as 
bactericidal  substances  and  as  antitoxins  antagonize  both  the  infection 
and  the  intoxication.  The  bactericidal  antibodies  are  formed  by  the 
tissne-cells  which  through  the  infection  have  been  placed  under  altered 
conditions  of  life;  they  spread  throughout  the  tissue- juicers,  and  thus 
hinder  the  further  extension  and  mult iplic^it ion  of  the  bacteria.  They 
are  formed  particularly  in  typhoid  fever,  cholera,  and  plague,  and  sho\o 
constantly  a  cetiain  specificity  in  that  they  influence  primarily  those  bacteria 
through  whose  vital  activities  they  have  arisen.  This  specificity  is,  how- 
ever, not  absolute,  inasmuch  as  they  can  act  upon  closely  related  species. 

Antitoxins  are  formed  in  those  infections  in  which  toxins  are  pro- 
duced. The  action  of  the  toxin  takes  place  in  this  manner  (Ehrlich): 
the  i)()ison  molecule  combines  through  a  haptophorons  side-chain  with 
the  haptophorons  group  of  certain  cells,  while  the  toxophorous  side- 
chain  of  the  i)oison  exerts  its  influence  in  a  specific  manner  upon  the 
jiflected  cells,  so  that  we  may  regard  the  antitoxins  a»s  representing  noth- 
ing more  than  an  excess  of  haptophorons  side-chains  of  the  cell-substance  sus- 


antitoxins:   specific  bactericidal  substances.      109 

ceptible  to  the  poison,  that  are  given  off  into  the  blood-serum  and  into  the  body- 
juices,  and  combine  the  corresponding  haptophorous  side-chains  of  the  toxin. 
The  haptophorous  group  of  the  toxin  is  thereby  prevented  from  carrying 
over  its  toxophorous  group  to  the  cells  and  thereby  becoming  active. 
Toxin  and  antitoxin  combine  according  to  fixed  quantitative  relations. 

Antitoxins  are  formed  against  the  poison  of  diphtheria  and  tetanus,  the  pyo- 
cyaneus  poison,  ricin,  snake-poison,  the  poison  of  eel-blood,  and  certain  mushroom 
poisons. 

Since  the  antitoxins  of  snake-venom  {Calmette)  and  that  of  the  pyocyaneus  toxin 
(JiVassermann)  are  more  easily  destroyed  than  the  poisons  themselves,  it  is  possible  in  a 
mixture  of  the  two,  when  the  combination  has  lasted  but  a  short  time,  to  destroy  by 
heating  to  a  certain  degree  the  antitoxin  alone,  so  that  the  toxin  again  becomes  active. 

The  virulence  of  the  toxin  of  diphtheria  is  weakened  with  age.  through  the  fact 
that  the  toxophorous  group  in  part  becomes  inactive. 

If  the  favorable  course  and  the  healing  of  an  infectious  disease  depend  essentially 
upon  the  production  of  antitoxins,  the  bacteria  concerned  may  still  be  preserved  and 
increase  in  numbers;  only  the  harmful  action  is  averted.  After  a  certain  time  they  also 
die. 

According  to  investi.sjations  by  R.  Pfeiffer,  confirmed  by  Sobemheim,  Dunbar, 
LfOeffler,  and  others,  there  is  found  in  the  blood-serum  of  animals  made  immune  against 
typhoid-bacilli  or  cholera-spirilla,  or  of  human  individuals  suffering  or  convalescing 
from  typhoid  fever  and  cholera,  a  specific  bactericidal  substance  (lysogenous 
substance  of  C.  Fraenkelj.  The  addition  of  such  a  serum  to  a  virulent  bouillon-culture 
of  these  bacteria  so  changes  the  latter  that  the  bacteria  when  inoculated  into  the 
peritoneal  cavity  of  an  experimental  animal  rapidly  disintegrate  into  little  spherules 
and  are  finally  dissolved. 

Bordet  has  shown  that  a  fresh  human  serum  is  active  also  in  the  test-tube  outside 
of  the  human  body.  When  heated  to  56°  C.  this  activity  is  lost  (inactivation)  but  it 
may  be  restored  again  through  the  addition  of  normal  serum  (reactivation). 

According  to  the  investigations  of  GrubeTf  Durham,  Pfeiffer,  Kolle,  Sobernheim, 
Widal^  C.  Fraenkel,  and  others,  the  blood-serum  of  individuals  ill,  convalescing,  or  en- 
tirely recovered  from  typhoid  or  cholera  exerts  a  damaging  influence  upon  typhoid- 
bacilli  or  cholera-spirilla  respectively;  this  influence  being  of  such  a  nature  that  in 
bouillon-cultures  the  bacteria  so  affected  become  motionless,  clump  together,  sink  to 
the  bottom  of  the  vessel,  and  are  destroyed.  When  the  serum  is  added  to  a  hanging 
drop  of  bouillon-culture,  the  rapidly  moving  vibrios  at  once  become  motionless  and 
collect  in  little  heaps.  Gruber  believes  that  this  phenomenon  is  to  be  explained  by  a 
swelling  and  bursting  of  the  membrane  of  the  bacterial  cell,  and  assumes  that  this 
change  enables  the  alexins  to  destroy  the  bacteria  present  in  the  body.  He  therefore 
designates  the  active  substances  in  the  serum  as  agglutinins,  and  believes  that  to  these 
may  be  attributed  the  chief  agency  in  the  healing  of  infectious  diseases  and  in  the  pro- 
duction of  immunity  against  the  same.  Pfeiffer,  on  the  contrary,  denies  the  occurrence 
of  any  swelling  of  the  cell-membrane,  and  exphins  the  phenomenon  as  due  to  an  in- 
hibition of  development,  and  designates  the  active  substances,  the  nature  of  which  is 
wholly  unknown,  as  specific  paralysins.  After  Gruber  had  demonstrated  the  peculiar 
action  of  the  blood-serum  of  typhoid-fever  patients,  Widal  (Sem.  rmdicale,  Paris,  1896) 
proposed  that  this  action  of  the  blood-serum  on  cholera-spirilla  and  typhoid-bacilli 
respectively  be  utilized  as  a  diagnostic  aid  during  the  course  of  an  attack  of  typhoid. 
Numerous  clinical  investigations  have  demonstrated  that  it  is  possible,  dunng  the 
course  of  the  attack  or  for  a  long  time  (several  months)  afterward,  to  make  a  diag- 
nosis of  typhoid  from  the  action  of  the  blood-serum  upon  cultures  of  typhoid  bacilli 
{Widal's  reaction).    (See  5^  33.) 

According  to  Kraus,  there  is  present  in  the  blood  of  animals  artificially  immunized 
ai^inst  cholera  and  typhoid  fever  a  body,  w^hich,  on  the  addition  of  such  a  serum  to  a 
dear  bacteria-free  filtrate  of  cultures  of  cholera  or  typhoid  bacilli,  produces  in  the 
latter  a  clouding  and  later  a  precipitation,  thus  acting  as  a  precipitin.     (See  ^  33.) 

The  protective  substances  which  appear  in  the  blood  in  the  course  of  infectious 
diseases  are  not  always  formed  at  the  same  place;  in  pneumonia  they  are  said  to  be 
produced  in  the  bone-marrow  (Wnssermann);  in  cholera  and  typhoid  fever  in  the  spleen 
(Pfeiffer  and  Marx);  in  "  Rinderpest  "  in  the  liver  {Koch).  They  are  to  be  regarded 
as  specific  secretory  products  arisin<?  in  response  to  specific  stimuli. 

The  bactericldai  Immune-bodies  are.  according  to  their  physical  and  chemical 
properties,  to  be  regarded  sl'^  ferments  (they  are  neither  globulins  nor  albumins).  The 
immune-bodies  combined  with  the  bacterial  cells  during  bacteriolysis  may  be  set  free 
after  the  solution  of  the  bacterial  protoplasm,  and  again  become  capable  of  action. 
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It  has  often  been  assumed  that  the  fever  occurring  in  infectious  diseases  is  a  pro- 
tective process  favoring  the  destruction  of  bacteria;  and  it  is  not  impossible  that  in 
individual  cases  it  may  exert  such  a  favorable  influence.  Thus,  for  example,  it  is  con- 
ceivable that  a  parasitic  micro-organism,  growing  well  at  a  temperature  of  37-38**  C, 
will  no:  thrive  at  a  temperature  of  40-41°  C.,  so  that  high-fever  temperatures  may  hin- 
der its  power  of  reproduction.  The  conclusion  should  not,  however,  be  drawn  from 
this  that  fever  is  a  useful  phenomenon  which  alwa^rs  favors  the  counterbalancing  of 
pathological  disturbances.  Even  in  those  cases  in  which  the  metabolic  processes  occur- 
ring during  the  fever  exert  an  injurious  influence  upon  the  bacteria,  this  is  not  to  be 
taken  as  proving  the  usefulness  of  fever.  We  can  only  sav  that  a  part  of  the  morbid 
processes  occurrmg  during  an  infectious  fever  leads  to  a  formation  of  decomposition- 
products  which  may  possess  antibacterial  or  antitoxic  properties. 
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See  also  §  30,  §  32,  and  §  33. 

II.  The  Acquiring:  of  Immunity  as:ainst  Infection  and  Intoxication. 
Protection  through  inoculation. 

§  32.  The  acquiring  of  immunity  against  a  particular  infectious 

disease  is  a  pheuomeuon  whose  frequent  occurreoce  has  long  been  known 
through  clinical  observations.  This  fact  has  been  established  chiefly  by 
the  observation  that  tlie  great  majority  of  men  suffer  but  one  attack  of 
such  widespread  infections  as  measles,  smallpox,  whooping-cough,  scar- 
let fever,  and  diphtheria,  and  that  after  such  attack  they  are  spared  by 
the  disease,  even  when  they  expose  themselves  under  the  most  varied 
conditions  to  the  danger  of  infection  with  its  poison.  The  knowledge  of 
this  fact  is  very  old,  and  early  in  the  eighteenth  century  it  had  led,  in 
the  Orient,  to  attempts  to  obtain  immunity  against  the  natural  contagion 
of  smallpox  by  the  inoculation  of  material  from  smallpox  pustules.  In 
the  latter  part  of  the  eighteenth  century  Jenner  discovered  that  the  dis- 
ease known  as  cowpox— i.e.,  a  milder  form  of  pox,  which  is  an  attenuated 
form  of  hunmn  smalli)ox — afforded  protection  against  the  true  smallpox. 
As  a  result  of  this  observation,  since  the  beginning  of  the  year  1796,  at  fii-st 
by  Jenner  himself,  afterward  by  the  physicians  of  all  civilized  countries, 
artificial  inoculations  of  cowpox  have  been  carried  out  upon  millions  of 
human  individuals,  with  the  result  that  through  such  inoculation  a  high 
degi*ee  of  immunity  against  the  true  smallpox  has  been  secured  to  the 
inoculated;  so  that  at  the  pi-esent  time,  in  all  countries  where  vaccina- 
tion is  universally  practised,  the  occurrence  of  widespread  epidemics  of 
smallpox,  once  so  frequent,  is  very  rare,  and  the  disciise  no  longer  as- 
sumes the  character  of  a  dangerous  pestilence. 

The  investigations  of  the  last  decades  with  regard  to  the  causes  and 
origin  of  infectious  disetuses,  which  have  covertul  such  an  extraordinarily 
bnnid  field,  have  shown  that  the  acquiring  of  immunity  against  a  cer- 
tain infectious  disease  through  one  attack  of  the  given  disease  oc- 
curs in  different  infectious  diseases,  especially  in  those  running  an  acute 
course;  and  represents  sometimes  a  transitory,  at  other  times  a  per- 
manent i)eculiarity  of  the  individual  concerned,  which  in  pregnant 
women  may  be  transmitted  to  the  feet  us  in  vtero.  These  observations 
have  also  shown  that  the  single  or  repeated  inoculation  of  attenuated 
pathogenic  bacteria — that  is,  of  bacteria  which  on  account  of  their  slight 
virulence  produce  a  disease  that,  in  contrast  to  the  natural  infection  with 
bacteria  of  full  virulence,  is  relatively  insignificant,  oftcMi  localized  to  a 
limited  area — can  also  confer  immunity  against  the  corresponding  dis- 
ease.    Further,  it  hius  been  demonstrated  that  the  injection  of  certain 
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chemical  substances  produced  by  the  bacteria  is  snfficient  to  confer 
immunity  against  certain  infections. 

Immunity  throus:h  the  inoculation  of  attenuated  specific  disease- 
Sperms  may  be  produced,  for  example,  against  anthrax,  symptomatic 
antlirax,  chicken-cholera,  diphtheria,  and  swine-er^sipelas.  The  weak- 
ening of  the  virulence  of  bacteria  may  be  produced  either  by  the  action 
of  high  temperatures  or  chemical  agents,  or  by  the  action  of  the  air  alone ; 
further,  it  may  also  be  produced  by  the  inoculation  of  the  bacteria  into 
certain  animals  or  through  their  long-continued  cultivation  on  artificial 
media.  Inoculation  is,  in  genenil,  carried  out  by  injecting  subcutane- 
ously  first  markedly  attenuated,  then  less  attenuated,  and  finally  fully 
virulent  bacteria  together  with  their  products. 

According  to  the  investigations  of  numerous  authors,  immunity  in 
animals  may  also  be  produced  by  the  injection  of  sterilized  cultures  in 
which  the  bacteria  are  completely  killed — as,  for  example,  against  Ameri- 
can hog-cholera,  symptomatic  anthrax,  diphtheria,  the  infectious  diseai^^e 
I)roduced  experimentally  in  rabbits  by  the  injection  of  the  BaeiUus  pyo- 
cyanem,  and  the  infection  produced  in  guinea-pigs  by  cholera-spirilla. 

A  third  form  of  artificial  immunization,  which  Eaynaud  attempted  as 
early  as  1877,  but  was  first  securely  established  bj'^  Behring  in  1890,  can 
be  produced  by  the  injection  into  man  or  an  experimental  animal  of 
blood-serum  taken  from  animals  which  were  previously  susceptible, 
but  have  been  rendered  immune  by  means  of  inoculations.  The  most 
extensive  and  at  the  same  lime  the  most  successful  attempts  thus  far 
made  have  l>een  carried  out  with  diphtheria  and  tetanus;  that  is,  in  dis- 
eases in  which  intoxication  through  toxins  forms  the  most  striking  fea- 
ture. Moreover,  successful  exi)eriments  with  the  blood-seruni  of  immu- 
nized animals,  in  the  case  of  cholera,  swine-erysipleas,  anthrax,  typhoid 
fever,  and  plague,  have  been  reported. 

The  specific  protection  which  the  blood-serum  affords  may  be  secured, 
not  only  by  injection  before  infection  occurs,  but  also  after  infection 
^as  alrcMdy  taken  place;  so  that  the  serum  may  bo  designated  not  only  a 
protective  serum,  but  also  a  healing  serum.  P'or  both  protection 
against  and  for  the  cure  of  a  certain  infection  a  definite  amount  of  serum 
is  necessary,  the  precist*.  amount  depending,  on  one  hand,  upon  the  se- 
verity of  tiie  infection,  and  On  the  other,  upon  the  activity  of  the  serum 
itself,  which  increases  with  the  completeness  of  the  immunization  of  the 
originally  susceptible  animal  furnishing  the  serum.  If  the  serum  is  not 
injected  until  after  infection  has  occurred,  the  amount  of  serum  must  be 
so  much  the  greater  the  longer  the  la])se  of  time  after  the  beginning  of 
the  infection. 

In  the  case  of  true  bacillary  diphtheria,  the  injection  of  curative 
diphtheria-vserum  has  now  been  carried  out  in  thousands  of  cases,  of 
both  sinere  and  light  forms;  and  there  is  without  anj^  doubt  a  beneficial 
intiuence  exerted  upon  the  coui*se  of  the  discnise,  as  shown  by  a  rapid 
improvement  of  the  patient's  general  condition  (rapid  establishment  of 
eu])horia,  fall  of  fever,  improvement  in  the  pulse),  iis  well  as  by  the 
favorable  course  i)ursued  by  the  local  diseases  .In  tetanus  a  definite  cur- 
ative action  of  serum  has  been  demonstrated  in  the  citse  of  exj^erimental 
animals,  guinea-pigs,  and  mice;  but  the  results  in  man  have  not  yet  been 
fully  determined. 

The  blood-serum  of  immunized  animals  exerts  its  beneficial  action, 
without  doubt,  through  the  prcvsence  of  a  counter-poison,  an  antitoxin, 
which  neutralizes  the  poisons  produced  by  the  bacteria.     In  the  ciuse  of 
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the  patients  treated  by  a  given  antitoxin,  there  is  produced  a  poison- 
immunity  against  the  corresponding  bacterial  poison — as,  for  example, 
against  the  poison  produced  by  the  diphtheria-bacilli,  in  those  patients 
injected  with  diphtheria-antitoxin — and  this  immunity  is  to  be  ascribed 
.  to  the  presence  of  a  definite  amount  of  antitoxin  in  the  blood. 

Besides  the  antitoxins,  the  blood-serum  of  immunized  animals  or 
human  beings  may  also  contain  bactericidal  substances,  which  injure  or 
kill  the  bacteria  themselves ;  and  this  is  said  to  occur  especially  in  cholera 
and  typhoid  infections. 

In  the  case  of  immunization  by  means  of  attenuated  cultures  or  by 
sterilized  chemical  bacterial  products,  the  antibodies  are  produced  as  new 
substances  within  the  organism,  and  this  process  has  been  designated 
active  immunization  (Ehrlich);  in  the  case  of  the  injection  of  immu- 
nizing serum  the  antitoxin  already  formed  is  introduced  from  without, 
and  this  may  be  spoken  of  as  passive  immunization.  It  is  probable 
that  in  the  last  case  no  new-formation  of  antitoxin  occurs  after  the 
injection. 

For  the  foundation  researches  in  regard  to  inoculation  with  attenuated  cultures  of 
bacilli  cultivated  outside  of  the  body,  we  are  indebted  to  Pasteur,  who,  in  18bU,  demon- 
strated the  fact  that  chickens  could  be  immunized  against  chicken -cholem  through  the 
inoculation  of  cultures  of  ehicken-cliolera  bticilli,  that  had  been  weakened  througli  long 
exposure  to  the  air. 

Since  that  time  numerous  ex  periments  have  been  carried  out  with  other  forms  of 
bacteria,  especially  with  attenuated  cultures  of  the  bucilli  of  anthrax  and  symptomatic 
anthrax.  Good  results  have  been  obtained  from  inoculations  against  the  symp- 
tomatic anthrax  of  cattle.  Less  favorable  are  the  results  in  inoculations  against  an- 
thrax, in  that  some  of  the  animals  die  from  the  effects  of  the  protective  inoculation, 
while  others  are  not  rendered  absolutely  immune  against  a  new  anthrax  infection. 

Sheep  and  cattle  may  be  made  immune  against  anthrax  ;  most  expediently  {K<fch) 
by  first  inoculating  them  with  attenuated  cultures  of  anthrax  bacilli,  which  will  kill 
mice  but  not  guinea-pigs,  and  then  with  those  which  will  kill  guinea-pigs  but  not 
large  rabbits. 

As  vaccine  against  symptomatic  anthrax,  there  may  be  used  cultures  of  the  bacillus 
attenuated  through  heat  or  such  chemical  agents  as  sublimate  solutions,  thymol, 
eucalyptol,  and  silver  nitrate ;  and  by  such  imx^ulations  cattle  may  be  rendered  im- 
mune. At  the  present  time  heat  {Hess,  Kitt)  is  most  commonly  used  in  the  preparation 
of  the  vaccine.  The  infected  muscle  of  an  animal  dying  with  symptomatic  anthrax  is 
chopped  fine,  triturated  with  one-half  its  weight  of  water,  and  pressed  through  a  piece 
of  linen  cloth.  Finally,  the  fluid  is  again  tiltered  through  a  moistened  piece  of  line 
linen.  The  virulent  material  is  then  spread  in  thin  layers  upon  glass  plates  or  flat 
dishes,  and  transferred  to  a  dry  chamber  at  a  temperature  of  32-35^  C.  When  thor- 
oughly dry  the  virus  is  scraped  off  and  removed  in  the  form  of  powder.  When  it  is 
desired  to  give  inoculations,  the  virus  is  triturated  with  double  its  weight  of  water  and 
the  fluid  evaporated  in  a  thermostat.  By  raising  the  temperature  to  100^  C.  for  six 
hours  a  weak  vaccine  is  obtained ;  at  a  temperature  of  85"  C.  for  six  hours  a  stronger 
one.  For  the  immunization  of  cattle,  about  0.5  gm.  of  the  weaker  virus  in  a  dilute 
water  solution  is  injected  into  the  subcutaneous  tissue  of  the  animal's  tail,  and  after 
eight  to  twelve  days  the  stronger  solution  is  similarly  injected. 

According  to  observations  of  Chanteau  and  others,  protective  inoculations  may  also 
be  made  by  the  injection  of  virulent  bacteria  in  very  small  quantities,  or  in  such  a 
manner  that  the  life  of  the  animal  shall  not  be  endangered.  Jn  the  case  of  sympto- 
matic anthrax  this  may  be  accomplished  by  the  injection  of  very  small  doses  into  the 
extremity  of  the  animal's  tail ;  such  injections  not  causing  a  fatal  illness,  but  only  a 
local  disturbance. 

Accorrling  to  Afanassieff,  it  is  possible  to  render  animals  immune  by  inoculating 
the  granulating  surface  of  a  wound  with  a  virulent  culture. 

Cattle  may  also  be  immunized  against  contagimts  jUeurapnenmonia  (is'hutz)  by  in- 
jecting the  tissue- juices  from  the  lung  of  an  animal  dying  from  this  disease  into  the 
tip  of  the  tail.  There  is  produced  in  this  way  a  circumscribed  inflammation,  or.  at 
least,  one  which  is  conflned  to  the  tail ;  after  recovery  from  which  the  animal  is  im- 
mune to  lK)th  natural  and  artificial  infection  with  this  disease. 

Hogs  may  be  rendered  immune  against  inoculation  with  virulent  bacilli  of  strinf- 
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erysipelas  {Pasteur),  by  using,  as  vaccine,  cultures  attenuated  by  successive  inocula- 
tions'in  rabbits.  According  to  Bmmeruh,  rabbits  may  also  be  made  immune  4igainst 
the  bacilli  of  swinc-erysipelas  through  the  injection  into  the  ear- vein  of  a  small  quan- 
tity of  a  virulent  bouillon-culture  diluted  with  fifty  times  its  volume  of  water. 

Animals  susceptible  to  diphtheria  may  be  rendered  immune  against  this  disease, 
according  to  liehring,  by  the  injection  of  cultures  of  diphtheria-lmcilli  which  liave  been 
weakened  in  virulence  by  exposure  for  si.xteen  hours  to  iodine  trichloride  (1 :  .500).  Two 
cubic  centimetres  of  such  a  culture  are  injected  into  the  peritoneal  cavity;  after  three 
weeks  this  injection  is  repeated  with  a  diphtheria-culture  (0.2  c.c.)  which  has  been 
washed  four  days  in  bouillon  containing  iodin<?  trichloride  (1 : 5,500).  After  this,  fully- 
virulent  cnlturoa  are  iniected  in  increasing  doses. 

Protective  inoculations  against  rdlnes  were  first  carried  out  in  cases  resulting  from 
bites  by  rabid  animals,  particular!  v  in  France  (Pasteur  Institute),  Russia,  and  Italy. 
As  inoculation -material,  the  spiuaf  cord  from  rabbits  which  have  been  infected  with 
rabies  is  used  after  it  has  been  dried  in  dry  air  at  a  temperature  of  25^25'  C. ;  the  viru- 
lency  of  the  cord  being  gradually  lost  after  about  fifteen  days  of  the  drying-process. 
According  to  Pvotopopoff,  it  is  the  temperature,  and  not  the  drying  {Pasteur),  which 
lessens  the  virulence.  According  to  Marx,  the  micro-organisms  of  rabies  have  already 
been  w^eakened  in  the  body  of  the  rabbit.  Small  portions  of  a  rabbit's  cord  thus  weak- 
ened in  virulence  are  triturated  in  sterilized  chicken-broth  and  injected  subcutaneouslv 
into  the  bitten  individual;  at  first  pieces  of  cord  greatly  reduced  in  virulence  are  used, 
then  thost>of  cradually  increasing  virulence.  According  to  the  view  held  by  Pasteur, 
the  spinal  cord  contains  both  the  microbes  of  the  disease  and  the  specific  poison  formed 
by  them;  if  the  latter  spreads  through  the  body  more  rapidly  than  the  microl)es,  it  con- 
fers an  immunity  against  a  subsequent  spread  of  the  microbes,  and  affords  protection 
to  the  nervous  system  in  particular.  In  order  to  confer  immunity  it  is,  therefore, 
necessary  to  intro<luce  as  large  a  quantity  as  posfiible  of  the  chemical  poison.  Accord- 
ing to  the  reports  of  the  Institutes  in  which  the  Pasteur  inoculations  against  hydro- 
phobia have  Ik^cu  carried  out,  it  must  be  acknowledged  that  these  inoculations  liave 
been  successful  in  preventing  cases  of  hydrophobia. 

Immunity  against  cholera  may  be  produced,  in  both  man  and  animals  {ITaffkine^ 
Pfelffer,  Kolle,  V<K/fs,  and  others),  by  the  injection  of  sterilized  or  attenuated  cultures 
of  cliolcra-spirilla ;  this  immunity  (which  is  of  short  duration)  depends  upon  the  forma- 
tion of  itjM'crfic  hitcteHcidal  anti-bodies  in  the  blood  (see  Voges,  1.  c).  On  the  other  hand, 
we  do  not  yet  possess  a  specific  remedy  by  which  the  life  of  any  animal  or  man  in- 
fected with  t'holera  may  be  saved. 

Iminimity  against  typhtrid  fever  may  be  secured  in  man  by  the  subcutaneous  injec- 
tion of  sterilized  cultures  of  typhoid-bacilli  (/Jr^^-^ififr,  Kolle);  and  the  establishment  of 
the  immimity  may  be  recognized  by  the  fact  that  the  blood-serum  of  the  individual  so 
inoculated  is  found,  after  a  few  days,  to  contain  bactrncidal  substances.  Attempts  at 
immunization  in  cases  already  ill  with  typhoid  {Bn'cger,  Wassei'^nmiin,  C.  I^^^aeuket) 
have  up  to  the  present  time  been  unsuccessful. 

According  to  the  reports  published  by  Koch  {British  Medical  Jaurnal,  1897;  Dettt. 
med.  Wochen.,  1897,  No.  16;  Ccntntlbatt  f.  Bukt.,  xxi.,  p.  526)  of  the  investigations 
which  were  carried  out  during  the  winter  of  189(5-1897  with  regard  to  the  cattle-plague 
in  Cape  Colony,  cattle  may  be  immunized  against  **  i^///rf^7yv/<< "  by  subcutaneous  in- 
jections of  10  c*c.  of  the  bile  taken  from  animals  dying  of  the  disease;  the  condition  of 
mununity  becoming  established  at  the  latest  by  the  tenth  day.  According  to  the  re- 
port of  Professor  Winkler  ("  Landwirthschaftl.  Bezirks-Verein  Giessen,"  August.  1900) 
hogs  and  cattle  may  be  immunized  against  foot-and-nwuth  disease  through  feeding 
with  milk  of  animals  which  are  ailected  by  the  disease  or  have  recently  recovered 
from  it.  Lneffler  and  Vhlenhuih  {Contntlbhi'ttf.  Bakt.,  xxix.,  1901)  have  also  reported 
successful  protective  inoculations  with  a  serum  against  the  foot-and-mouth  disease. 

In  ilie  year  lb9U  Koch  ma<le  the  dis(!Overy  that  cultures  of  tubercle-bacilli  contain 
an  active  substance,  ^ tuberculin,^''  which,  when  injected  into  tuberculous  individuals, 
causes  a  rise  of  temperature  and  to  some  extent  local  intiammatory  changes  in  the  neigh- 
borhood of  tuberculous  foci.  It  was  at  first  hoped  that  in  tuben'ulin  a  remedy  for 
tuberculosis  had  been  found,  but  the  many  trials  made  with  it  upon  human  beings  and 
animals  have  shown  that  it  indeed  produces  after  repeated  injections  an  immimity 
against  the  toxic  action  of  tuberculin,  but  does  not  hinder  the  multiplication  of  tubercle- 
bacilli  and  the  couseiiuent  spread  of  the  disease.  Further,  the  local  inflammation 
caused  by  the  tuberculin  leads  to  favonible  results  only  under  special  conditions,  but, 
on  the  other  hand,  often  causes  actual  harm  (through  the  metastasis  of  bacilli).  Never- 
theless, Ko<'h's  discovery  lias  proved  of  great  importance.  In  the  first  place,  it  is  of 
practical  value  in  the  diagnosis  of  tuberculosis,  in  that  tuberculin  injections  do  not  ex- 
cite fever  in  normal  individuals.  Inoculations  for  diagnostic  purposes  are  now  used 
very  extensively  in  cases  of  suspected  tuberculosis  in  domestic  animals.  Moreover, 
♦he'rei)orts  published  by  Ktch  gave  a  great  stimulus  to  further  investigations  with  re- 
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gard  to  immunization  by  means  of  inoculation  with  bacterial  toxins;  and  these  investi- 
gations have  led  to  the  discovery  of  the  antibodies  of  diphtheria,  tetanus,  cholera,  and 
typhoid  fever.  Small  doses  of  tuberculin  appear  also  to  have  a  favorable  influence 
upon  the  course  of  tuberculosis. 

In  1897  A'<«A("Ueber  neueTuberculinpraparate,"  DeiiL  med.  Woeh,,  1897)  suc- 
ceeded in  obtaining  from  highly  virulent  cultures  of  tubercle-bacilli  a  substance 
wliich  he  claims  is  able  to  immunize  against  all  of  the  constituents  of  the  tubercle- 
bacillus.  To  obtain  this  substance  young  cultures  of  tubercle-bacilli  are  dried  in  a 
vacuum-exsiccator  and  then  tritumted.  Tlie  product  obtained  by  trituration  is  mixed 
with  distilled  water  and  centrif  ugated.  The  active  substance  is  contained  in  the  muddy 
precipitate  thus  obtained  (designated  by  Koch  as  T.  K.)-  This  is  again  dried  and  tritu- 
rated, dissolved  in  water  to  which  twenty  per  cent  of  glycerin  is  added  for  the  purpose 
of  preservation.  (The  preparation  is  manufactured  by  Meister,  Lucius,  and  Brunnin^, 
at  llOchst-on-the->Iain,  Germany.)  The  fluid  preparation  contains  10  mgm.  of  solid 
substance  in  every  cubic  centimetre,  and  when  it  is  to  be  used  should  be  diluted  with 
physiological  salt  solution.  Through  the  use  of  large  doses  animals  are  said  to  become 
immunized  in  from  two  to  tliree  weeks.  In  the  treatment  of  tuberculosis  iu  man  the 
dose  should  begin  at  ^ ^i^  mgm.  and  gradually  be  increased  up  to  20  mgm.,  the  injections 
being  given  every  other  day.  Acconling  to  the  observations  so  far  published,  the  T.  R. 
preparation  does  not  appear  to  exert  a  curative  action  upon  tuberculosis  in  man. 

The  blood-serum  treatment  of  diphtheria,  i.e.,  the  employment  of  the  antitoxins 
contained  in  the  blood  of  an  animal  immunized  against  diphthena  as  a  means  of  curing 
that  (iisease  when  it  is  already  contracted,  or  as  a  protection  against  such  infection,  is 
a  discovery  which  we  owe  to  Behring.  The  favorable  effects  of  the  method  discov- 
ered and  proved  by  him  through  experimental  investigations  have  been  confirmed  by 
thousands  of  observations.  In  the  treatment  of  diphtheria  patients  a  large  quantity  of 
the  serum  (one  thousand  immunizing  units)  is  usually  injected  at  one  time  beneath  the 
skin  of  the  thigh. 

The  term  "normal  serum** — i.e.,  a  serum  having  the  value  of  one  immunization 
unit — is  used  by  Beltring  to  designate  a  serum  which,  when  mixed  with  a  quantity  of 
diphtheria  poison  equal  to  ten  times  the  minimal  fatal  dose  and  then  injected  in  the 
amount  of  0.1  c.c.  hito  a  guinea-pig  of  from  200  to  800  gni.  weight,  will  surely  protect 
that  animal  from  diphtheria.  Sheep  and  horses  are  especially  adapted  for  the  prepara- 
tion of  the  serum.  It  is  prepared  and  sold  in  doses  of  from  five  hundred  to  three 
tlmussind  immunization  units. 

If  culture-filtrates  of  the  tetanus-bacillus  are  weakened  by  the  action  of  chemi- 
cal agents  (iodine  trichloride  or  iodine  combined  with  potassium  iodide),  it  is  possible 
through  repeated  injections  of  such  filtrates  of  increasing  virulence  to  produce  im- 
munity in  animals  against  tetanus  {Kitasato,  Behring,  Tizzoni,  Bucluisr).  The  blood  of 
such  immunized  animals  QontBAn^  din  dntiloxin  which  affords  a  sure  protection  to  exjyeri- 
mritt^il  animals  against  tetanus.  The  antitoxin  treatment  of  human  beings  suffering 
from  tetanus  has  not  given  satisfactory  results  (see  Kohler  and  Schlesinger,  I.e.),  not 
even  in  cases  of  relatively  early  injection  of  the  antitoxin,  though  it  appears  to  be 
effective  if  administered  before  the  appeamnce  of  the  tetanus. 

Susceptible  animals  and  human  beings  may  be  immunized  against  hubonic^jilague 
by  means  of  sterilized  cultures  of  the  pest-baciilus  {Tersin,  Ilaffki/ie,  Koile)\  and  it  ap- 
pears that  in  the  blood-serum  of  immunized  animals  (the  horse,  for  example)  there  are 
pn*sent  anti-bodies  which  render  tlie  serum  utilizable  for  both  protective  and  curative 
purposes. 

Animals  may  be  made  immune  against  snnke-poisom  by  means  of  inoculations  of 
very  small  doses  of  such  poison  continued  for  some  length  of  time  {Calniette,  I'schisU*- 
iettJtrh);  and  the  blood -serum  of  such  immunized  animals  is  also  found  to  possess  an 
antitoxic  action  against  the  given  poison,  so  that  it  may  be  used  as  a  healing-serum. 
In  Brazil,  Mexico,  Africa,  etc.,  various  methods  involving  the  use  of  snake-poison 
itself  are  employed  for  the  immunization  of  individuals  against  a  snake-bite,  or  for 
curing  them  after  they  liave  been  bitten  (drinking  of  the  secretions  of  the  poison- 
glanils,  rubbing  of  the  diluted  poison  into  small  wounds  of  the  skin,  etc.)  {Brenning). 

According  to  the  investigations  by  Ehrlich,  mice  may  be  made  inmiune  against 
nW/j,  to  which  they  are  extremely  susceptible,  by  mixing  very  small  doses  of  ricin 
with  their  food  and  then  afterward  injecting  additional  small  doses  subcutaneously. 
The  appearance  of  the  immunity  occurs  on  the  sixth  day  after  the  adnunistration  of  the 
ricin,  so  that  upon  this  day  the  animal  can  withstand  a  dose  thirteen  times  as  great  as 
at  the  beginning.  Through  continued  systematic  inoculations  the  animal  becomes 
inunune  to  a  dose  eight  hundredfold  as  strong.  The  immunity  is  produced  by  an  anti- 
toxic body,  antiricin.  which  neutralizes  the  poisonous  acticm  of  ricin. 

Vaccines.  Since  Wright's  discovery  of  the  opsonins,  bacterial  vaccines  have  been 
extensively  employed  in  the  treatment  of  certain  infections.  The  vaccines  are  prepared 
by  cultivating  the  given  organism  on  agar-agar,  suspending  the  growth  in  salt-solu- 
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Mon,  and  lieatin^  to  65*^-80'*  C.  for  an  hour  to  kill  the  bacteria.  The  emulsion  of  dead 
bacteria  is  then  injected.  Immediately  following  the  injection  the  opsonic  index  falls 
for  a  time,  the  so-called  negative  phase.  This  is  followed  in  a  day  or  two  by  a  rise  in 
tlie  index  to  or  above  its  original  height,  the  positive  phase.  Considerable  doubt  has 
been  thrown  upon  the  opsonic  index  as  a  reliable  guide  in  the  progress  of  an  infection; 
but  many  clinicians  have  obtained  gratifying  results  in  the  treatment  with  bacterial 
vaccines.  The  conditions  most  amenable  to  this  treatment  are  localized  inflammations 
caused  by  staphylococci,  streptococci,  pneumococci,  gonococci,  and  the  tubercle-bacil- 
lus. As  the  method  of  treatment  is  still  in  the  experimental  stage,  it  is  too  early  to 
make  definite  statements  concerning  its  value. 

Attempts  have  been  made  to  treat  thyroidism  with  a  specific  serum  {Rogers,  BeSe). 
Experimental  immunity  to  Spirillum  obermeieri  can  be  produced  by  the  injection  of 
filtered  blood  in  which  the  spirilla  have  died  out  {Novy),  Experimental  immunity  can 
be  obtained  in  experimental  cerebrospinal  meningitis  (FUrwr), 
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III.  The  Active  Substances  of  Acquired  Immunity.    Ehrlich*s  Side- 
chain  Theory. 

S  IVX  Acquired  Immunity  depends  upon  the  i^re^sence  of  specific  anti- 
toxic and  bactericidal  antibodies.  The  process  is  seen  in  its  simplest  form 
in  the  production  of  antitoxins,  a  phenomenon  most  familiar  to  us  in  the 
healing  of  diphtheria  and  tetanus. 

According  to  the  view  s  of  Ehrlich,  only  those  substances  are  poisons 
that  possess  a  chemical  affinity  for  some  element  of  the  body  and  through, 
a  combination  with  this  exert  a  harmful  action  recognizable  clinically. 
A  congenital  immunity  to  poison  nmy,  therefore,  depend  upon  the  fact 
that  the  poison  finds  in  the  inmiune-body  no  element  with  which  it  can 
react  cliemically,  or  the  element  so  aifected  suflfei-s  no  damage  in  a  clini- 
cal s(Misi\  In  acquired  immunity  to  poison  the  poisonous  action  of  the 
toxin  is  prevented  through  the  formation  of  an  antitoxin. 

The  complex  protoplasmic  substances,  when  considered  as  chemical 
structures,  consist  of  (Ehrlicli)  a  (joccniing-n Helens  or  central-group  (cen- 
tral ring)  and  of  various  side  chains.  These  side-chains  can  combine  with, 
the  side-chains  of  albuminous  nutritive  substances,  and  so  bring  about  an 
assimilation  of  the  latter.     They  thus  have  tlie  significance  of  receptors 
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or  of  a  haptophore  group  which  combined  with  a  kaptophorous  group  of  the 
albuminous  food-material.  In  the  same  way  toxins  are  anchored  through 
their  haptophorous  group  to  the  receptors  of  the  ceU-protoplasm,  thus  enabling 
the  toxophorous  group  of  the  toxin  to  exert  its  action  upon  the  cell-protopla»ia 
and  to  injure  the  vital  powers  of  the  cells. 

As  the  result  of  the  combination  of  the  toxins  with  the  receptors,  por- 
tions of  the  protoplasmic  albumin-molecule  are  rendered  incapable  of 
functionating.  K  the  life  of  the  cell  and  its  power  of  compensation  are 
not  damaged,  there  is  produced  only  a  functional  disturbance  of  the  cen- 
tral-group without  any  definite  injury  to  it;  and  the  cell  may  again  i-e- 
plac»e  the  side-chains  and  even  form  tliem  in  excess,  throw  them  off,  and 
^ve  them  to  the  blood.  Such  detached  side-chains  or  receptors  constitute  an 
antitoxin.  The  antitoxin  is,  therefore,  no  new  substance,  but  one  nor- 
mally present,  which  under  certain  conditions  is  produced  in  an  increased 
amount  and  given  off  into  the  blood,  and,  circulating  there,  combines  the 
toxin  present  in  the  blood  to  form  a  hannless  body,  and  so  prevent  its  action 
upon  the  alls.  The  Siime  substance  in  the  living  body,  which  as  a  con- 
stituent of  the  cells  renders  intoxication  possible,  becomes  the  cause  of 
healing  when  set  free  into  the  blood -stream  (von  Behring). 

The  bactericidal  action  of  the  blood-serum,  a  phenomenon  occurring 
in  certain  infectious  diseases  (typhoid  fever,  cholera,  plague),  is  depend- 
ent upon  the  combined  action  of  two  substances.  One  of  these  is  a  ferment- 
like  body  found  in  the  tissue -juices,  and  particularly  in  the  blood-serum 
of  the  normal  organism.  Jt  is  very  labile  and  is  destroyed  by  heating 
to  55°  C.  Buchner  has  designated  this  substance  sis  alexin,  Ehrlich  as 
complement  (earlier  as  addiment),  and  Metschnikoff  as  cytase.  It  alone 
is  not  able  to  injure  the  bacteria,  but  needs  for  this  action  the  coop- 
eration of  an  intermediate-body,  the  amboceptor  or  immune-body  of 
Elirlich  (substance  sensibilatrice  of  Bordet). 

The  amboceptors  are  occasionally  formed  fii-st  during  the  course  of  an 
infection,  and  are  specific  for  that  infectious  disease  (specific  immune- 
IxKlies),  that  is,  they  are  active  only  in  that  diseiise  in  the  course  of 
which  they  are  formed.  They  possess  two  haptophore  groups,  one  of 
w^iich  (cytophile  group)  combines  with  a  receptor  of  the  bacterial  pioto- 
plasm ;  the  other  (complementophile  group)  combines  with  a  haptophore 
chain  of  the  complement,  so  that  the  zymotic  group  of  the  latter  can  act 
ni>on  the  bacterial  cells.  The  amboceptor  is  less  susceptible  to  heat  than 
the  complement  and  is  not  destroyed  by  heating  to  60°  C. 

The  bactericidal  sera  act,  in  the  first  place,  in  such  a  way  as  to  cause 
the  death  and  solution  of  the  bacteria,  in  that  the  specific  immune-body, 
tlie  amboceptor,  carries  over  to  the  bacteria  the  digestive  action  of  the 
normal  body -juices,  in  the  complement,  so  that  the  bacteria  are  in  part 
dissolved.  Such  sera  contain,  therefore,  bacterlolysins.  A  second 
action  is  shown  by  them  in  the  phenomenon  of  agglutination,  in  that 
specific  substances  contained  in  the  serum,  the  agglutinins,  combine 
with  the  bacterial  cells  and  cause  a  characteristic  clumping  of  the  bac- 
teria contained  in  a  uniform  suspension.  The  iigglutinins  are  less  sus- 
ceptible to  heat  than  are  the  lysins  and  are  not  changed  at  56°  C. 

Finally,  bactericidal  immune-sera  cause  also  the  phenomenon  of  pre- 
cipitation, in  that  certain  substances  contained  in  the  sjune,  precipitins, 
or  coas^lins,  form  chemical  combinations  with  certain  substances  given 
off  from  the  disintegrating  bacterial  bodies  and  coagulate  or  preci])itate 
them.  If  an  active  bactericidal  serum  be  added  to  a  clear  fluid  which 
contains  such  albuminous  substances  of  the  bacterial  cells,  there  is  (juickly 
produced  a  flocculent  precipitate. 
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Precipitins  withstand  lieating  to  56°  C.  and  may  be  di-ied  without 
losing  their  potency. 

According  to  Ehrlich,  the  receptors  for  a  toxin  represent  only  a  hap- 
tophorous  group  of  the  cells  with  whose  haptophorous  chain  the  toxin  has 
combined.  He  designates  the  same  as  a  receptor  of  the  I  order.  On  the 
other  hand,  the  receptor  of  the  cells  for  the  nutritive  albumin-molecules 
contains  a  haptophorous  and  a  zyniophorons  group,  the  latter  of  which 
canses  a  fermentative  disintegration  of  the  anchored  albumin-molecule. 
This  is  designated  fts  a  receptor  of  the  II  order.  The  receptor  for  bacteri- 
olysin  contains  a  hai)tophorons  group  for  the  anchoring  of  the  fermeut- 
Jike  complement  and  a  receptor  for  the  combining  of  the  disintegration 
products  of  bacteria,  so  that  the  former  can  act  upon  the  latter. 

The  leceptors  thrown  off  by  the  cells  are  designated  by  Ehrlich  as 
haptins,  and  he  distingnishes:  nhaptinofthe  I  order,  the  antitoxin,  which 
combines  the  toxin  to  form  a  harmless  body;  haptitM  of  the  II  order y  the 
agglutinins,  precipitins,  or  coagulins,  which,  after  their  union  with  the 
albumin  of  the  bacteria,  cause  agglutination,  coagulation,  and  precipita- 
tion through  the  action  of  the  zymophorous  group;  and  haptins  of  the 
III  order,  or  bacteriolysins,  which  as  amboceptoi-s  carry  over  the  fer- 
mentative action  of  the  complement  to  the  bacteria. 

riuler  especial  conditions  there  appear  in  the  tissue-juices,  particularly  in  the 
blood,  substiinces  tliat  act  upon  the  red  blood-cells  or  tissue-cells  or  tne  soluble  albumins 
of  the  human  and  animal  organism  in  the  same  manner  as  the  antibodies  described  above. 
According  to  their  action  they  are  classed  as  hasmolysins  (globulicidal  immune-sera). 
cytolyslns,  precipitins,  and  agglutinins.  They  arise  when  into  the  body  of  an  ani- 
mal there  is  introduced  the  blood,  lymph,  milk,  or  tissue  from  an  animal  of  a  different 
species  {Bordet,  Tschistoxvitsch,  Krau^,  von  Ihingern,  Wassermann,  Ehrlich,  Morgen- 
rcth.  Lamifiteiner,  Uhlenhuth.  and  others).  The  blood-serum  of  a  guinea-pig  injected 
repeatedly  with  defibrinated  rabbit's  blood  is  able  to  dissolve  quickly  in  vitro  the  red 
corpuscles  of  the  ral)bit,  while  normal  guinea-pig's  blood  does  not  possess  such  a  power. 

The  action  of  heemolysins  or  of  a  alobulicidal  immune-serum  corresponds  in  ail 
respects  to  tliat  of  the  bacteriolysins.  ana  the  researches  concerning  the  nature  of  the 
hipniolysins  {Ehrlich.  Morgenroth)  have  aided  essentially  in  the  explanation  of  the 
mechanism  of  the  process  of  bacteriolysis. 

The  imniune-body  or  amboceptor  appearing  in  globulicidal  seriim  shows  a  great 
specific  affinity  for  the  corresponding  erythrocytes;  it  will  combine  with  them  at  0°  C 
and,  when  tlnis  separated  from  the  complement  left  in  the  serum,  is  not  in  itself  able  to 
dissolve  the  red  blood-cells.  The  complement  will  not  combine  with  the  red  cells 
without  the  inimune-l;o<ly:  When  the  inmume-bodv  or  amboceptor  is  present,  the 
complement  may,  at  a  higher  temperature,  be  cjirriecf  by  the  amboceptor  over  to  the 
red  cells  and  cause  their  solution. 

After  intraperitone.'il  injections  cf  laked  blood  of  the  same  species,  the  so-calle<l 
isolysins  may  be  formed,  that  is,  the  blood-serum  of  the  animal  injected  acquires  the 
power  of  dissolving  the  red  cells  of  another  individual  of  the  same  species. 

Ciftolt/sins  or  ct/totoxins  arise  through  the  injection  of  foreign  cells  into  an  organ- 
ism, for  exjimple,  after  the  injection  of  ciliated  epithelium,  spennatozoa,  leucocytes, 
renal  epithelium,  adrenal  cells,  brain-substance,  pancreas-cells,  placenta-oells,  and 
carcinoma-colls.  In  the  case  of  ciliated  epithelial  cells  and  spermatozoa  the  action  of 
the  cytolysins  contained  in  the  serum  can  be  recognized  outside  of  the  body  in  the 
rapid  cessation  of  movement  (tricholysin,  spennolysin). 

Cytolysins  act  in  the  same  manner  as  the  ha^molvsins. 

Precipitins  arise  in  the  blood-serum  as  a  specific  reaction  of  the  body  after  the 
subcutaneous,  intraperitoneal,  or  intravenous  introduction  of  foreign  albuminous 
substances. 

A  serum  containing  precif)itins  has  the  power,  when  added  to  the  albumin  solution 
used  in  the  injections,  of  causinc  in  the  latter  a  precipitate.  R.  Kraus  has  demonstrated 
this  action  first  for  cholera-spirilla,  that  is,  for  the  substance  of  the  bacterial  cell  brought 
into  .solution.  The  serum  of  goats  previously  treate<l  with  injections  of  cholera-spirilla 
or  with  the  bacterial  substance  causes  a  precipitnte  in  filtrates  of  cholera-cultures  that 
contain  no  l>acilli.     This  property  of  the  bacterial  precipitins  may  i)e  used  in  diagnosis. 

According  to  the   invest itrat ions  of  Tschistowitsrh,   lionlct,    Wassermann,  Schiitze, 
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EhrUch,  Mc-*qenroih,  Myers,  UhlenhiUh,  von  Dungem,  and  others,  such  precipitins 
are  also  formed  after  the  injection  of  foreign  blood,  milk,  inflammatory  exudates,  fresh 
and  dried  flesh,  etc.;  and  through  the  aid  of  this  method  it  becomes  possible  to  dis- 
tinguish from  one  another  not  only  the  red  blood-cells  of  different  species,  but  also 
flesh,  milk,  semen,  etc.;  that  is,  the  precipitating  serum  of  an  animal  A,  that  has  been 
created  with  an  albumin  of  an  animal  B  of  another  species,  will  precipitate  the  albumin 
of  B,  but  not  that  of  a  third  species. 

This  reaction  of  albumin  obtained  by  biological  methods  {biological  method  oj 
differenticUing  albumins,  Wassermann  and  Schiitze)  is  so  extremely  sensitive  that  the 
si>ecific  test  for  albumin  is  possible  even  at  a  dilution  of  1 :  100.000.  The  precipitin 
reaction  has  found  its  most  important  application  in  the  examination  of  blood-stains, 
hut  it  is  also  of  use  in  the  differentiation  of  different  kinds  of  meat,  milk,  etc.,  and  can 
l>e  applied  also  to  the  differentiation  of  plant-albumins. 

The  reaction  is  specific  for  the  albumin  of  different  species  of  animals  and  for  man; 
l>etwe*jn  the  albumins  of  different  elements  of  the  body,  as,  for  example,  between 
chicken-blood  and  the  white  of  a  chicken-egg.  there  exist  only  (quantitative  differences. 
An  antiserum  to  human  blood  will  precipitate  also  urine  contaming  albumin,  puiulent 
exudates,  ascitic  fluid,  seminal  fluid,  etc.;  so  it  may  be  inferred  that  the  various  fluids 
of  the  body  contain  the  same  receptors  as  those  of  the  blood-serum.  In  the  examina- 
tion of  spots,  stains,  etc.,  the  first  thing  to  be  determined  is  the  presence  of  blood 
(sni^iacum  test.  Teichmann's  test,  spectroscopic  examination).  When  this  is  de- 
termined, the  biological  test,  properly  handled,  gives  very  certain  results,  particularly 
when  the  animal  used  for  the  production  of  the  serum  is  not  closely  related.  An  anti- 
serum for  human  blood  gives  only  a  very  weak  reaction  with  ape's  blood  (particu- 
Lirly  that  of  anthropoid  apes);  and  similar  conditions  exist  between  the  horse  and  the 
donkey,  and  between  the  chicken  and  pigeon. 

For  the  demonstration  of  the  presence  of  human  blood  or  albumin,  the  serum  of 
rabbits  properly  treate<l  beforehand  can  be  used  to  best  advantage,  but  that  of  the  horse, 
sheep,  or  goat  may  also  be  emploved  (according  to  von  Dungem,  cold-blooded  animals 
produce  no  precipitins).  To  produce  the  antiserum  {Uhlenhuih)  5-10  c.c.  of  a  dilute 
solution  of  albumin  derived  from  human  tissues  or  blood  are  injected  into  a  rabbit  at 
intervals  of  several  days,  until  a  test  of  blood  taken  from  the  vein  of  the  ear,  made  about 
five  days  after  the  last  injection,  shows  the  serum  to  be  active.  It  is  very  strange  that 
the  time  in  which  this  change  in  the  serum  occurs  varies  greatly  with  individual  animals. 
When  the  serum  has  attained  its  full  strength,  the  animal  is  ansBsthetized,  the  thorax 
opened,  and  a  cut  marie  into  the  heart.  The  blood  flowing  into  the  thoracic  cavity  is 
t^ken  up  by  a  pipette  and  collected  in  a  sterilized  glass  graduate.  The  serum  when 
separated  is  filtered  through  a  Berkefeld  filter  and  when  ready  for  use  must  be  perfectly 
clear.     The  albuminous  material  to  be  tested  is  dissolved  in  physiological  salt-solution. 

A  serum  of  high  potency  may  contain  precipitins  that  act  not  only  upon  homo- 
logous albumins,  but  also  upon  heterologous.  Uhlenhuih  recommends,  therefore,  a 
marked  dilution  (1 : 1.000)  of  the  fluid  to  be  examined,  which,  moreover,  must  be  per- 
fectly clear.  To  2.0  c.c.  of  the  dihite  fluid  0.1  c.c.  of  the  antiserum  is  added,  and  in 
the  presence  of  homologous  albumin  a  cloudy  precipitate  fonns  at  once  or  after  one  or 
two  minutes. 

As^utinins  that  cause  clumping  through  their  functional  molecule-groups  may 
he  combined  first  with  bacteria,  but  also  after  that  with  red  blood-cells.  Agglutinabfe 
substances  and  agglutinins  f)ossess  specific  combining  haptophore-groups  (Elsenbery 
ami  Volk\  Wassermann).  In  the  agglutinable  substance  the  functional  group  is  more 
labile  and  more  easily  destroyed  than  the  haptophorc-group;  this  is  tme  also  of  the 
agl^Uitinin  (IVassermann).  Through  external  influences  the  functional  group  may  be 
lost,  and  from  the  ^ijglutinin  there  is  produced  an  agglutinoid.  which  is  no  longer  able 
to  caus3  agglutination,  and  through  its  combination  with  the  agglutinable  substance 
is  able  to  prevent  the  occurrence  of  ac^lutination  in  the  presence  of  agglutinin.  As  has 
been  mentioned  above  (^  31).  agglutination  has  been  observed  chiefly  in  the  case  of 
cholera-spirilla,  t^-phoid-bacilli,  pyocyaneus.  colon,  and  tubercle  bacilli. 

Imniune-agglutinins  are  produced  during  the  process  of  immunization  by  an 
increased  formation  and  setting  free  of  groups  that  under  certain  conditions  occur  in 
slight  amount  even  in  normal  serum. 

Aoghdination  can  be  applied  to  the  diaqnosis  of  the  given  disease,  but  it  must  be 
remembered  that  the  serum  of  healthy  individuals  causes  agglutination  (in  typhoid 
fever  even  in  dilutions  of  1 :  20,  while  the  serum  of  persons  having  the  disease  will  agglu- 
tinate at  a  dilution  of  1 :  50);  and  that  a  senim  can  also  agglutinate  to  a  greatei  or  less 
decree  other  bacteria  than  the  one  coming  under  the  influence  of  its  agglutination  power. 
The  serum  of  typhoid  patients  or  of  those  immune  to  typhoid  acts  upon  many  colon- 
species  even  in  high  dilutions. 

The  preripitable  substance  in  culture-fluids  is,  according  to  Wassermann,  idenfi^al 
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with  the  aggluiinable  substance  in  the  bacterial  cells;  that  is,  the  substance  present  in  the 
uninjured  bacterial  cells,  combining  in  agglutination  with  the  agglutinating  serum, 
is,  in  the  culture-fluids,  dissolved  out  of  the  bacteria,  set  free  in  the  same,  and  gives 
there  a  specific  precipitate  with  the  seriun. 

Agglutination  and  dissolution  of  the  bacteria,  according  to  Wassermann,  Ehrlich, 
Morgenroth,  etc.,  are  not  caused  by  the  same  substance,  as  is  believed  by  von  Baum" 
garten  and  Gruber  to  be  the  case.  Agglutinins  and  amboceptors  or  immune-bodies  are 
two  bodies  distinct  from  each  other  and  do  not  have  the  same  haptophorous  group  in 
common.    The  immune  body  needs  for  its  action  the  complement,  the  agglutinin  does  not. 

The  agglutinin  is  made  up  of  separate  or  partial  agglutinins,  and  a  bacterial  agglu- 
tinin may,  therefore,  vary  in  its  constitution  according  to  the  biological  qualities  of 
the  animal  in  which  it  is  produced.  Two  varieties  of  bacteria  (typhoid-fever  and  colon- 
bacilli)  may  also  possess  a  number  of  partial  agglutinins  in  common.  It,  therefore, 
becomes  necessary  (Wassermann)  ^  when  applying  agglutination- tests  for  the  purpose  of 
diagnosis,  to  work  always  with  such  dilutions  as  possess  a  limit  of  action  not  far  from 
that  obtained  by  titration  for  the  ^iven  bacterial  species  (the  limits  of  potency  of  any 
serum  may  vary  greatly).  A  positive  agglutination  is,  therefore,  decisive  as  p>ertaining 
to  that  species  with  which  the  animal  producing  the  serum  was  previously  treated. 

The  production  of  antitoxin  plays  the  most  important  r61e  in  the  healing  of 
diphtheria  and  tetanus;  the  success  attending  the  prophylactic  and  therapeutic  use 
of  these  antitoxins  has  already  been  mentioned  m  §  32.  Antitoxins  are  also  produced  in 
the  course  of  infections  with  the  staphylococcus,  streptococcus,  pneumococcus,  intoxi- 
cations due  to  Bac.  botulinus  (sausage-poisoning)  and  the  Bac.  pyocyaneus,  but  the 
results  of  the  therapeutic  applications  of  these  are  at  the  present  time  uncertain. 

Antitoxins  are  also  produced  in  poisoning  with  ricin,  abrin,  crotin,  pollen-toxin, 
mushroom-poison,  snake- venom,  eel-poison,  and  the  poison  of  toads  and  spiders. 

The  toxin  is  not  destroyed  by  the  antitoxin.  When  snake-venom  (Calmette)  is 
mixed  with  antitoxin  so  that  the  mixture  becomes  harmless  to  animals,  and  if  the  more 
thermolabile  antitoxin  be  destroyed  by  heating  to  68°  C,  the  mixture  again  becomes 
poisonous.  The  same  thing  may  be  demonstrated  in  the  case  of  the  toxin  and  anti- 
toxin of  the  Bac.  pyocyaneus. 

According  to  Wassermann^  the  substance  of  the  central  nervous  system  chiefly 
aflfected  by  tetanus  is  able  to  combine  with  the  tetanus  toxin  aiter  the  manner  of  an 
antitoxin  and  so  render  it  harmless.  'I'etanus  toxin  rubbed  up  with  the  brain  sub- 
stance of  a  normal  rabbit  becomes  so  weakened  that  guinea-pigs  can  bear  ten  times 
the  fatal  dose  without  damage.  According  to  Ransom^  the  tetanus-poison  injected  in 
fatal  doses  into  pigeons  is  demonstrable  in  all  organs  except  the  central  nervous  sys- 
tem, with  which  it  has  entered  into  chemical  combination. 

Therai)eutic  attempts  with  Imctericldal  sera  have  up  to  the  present  time  not 
given  such  good  results  as  those  of  antitoxic  sera.  In  the  first  place,  the  bactericidal 
sera  have  no  influence  upon  an  existing  intoxication.  Further,  an  action  u|x>n  the 
bacteria  present  is  also  impossible  when  the  injected  serum  fine's  no  free  complement 
in  the  blood  of  the  patient  or  when  the  amboceptor  from  animal  blood  (horse  blood) 
does  not  combine  with  the  complement  of  human  !)loo<:l. 

The  agglutinins,  precipitins,  etc.,  Ciin  in  turn  produce  in  the  oi^ganism  anti-anti- 
bodies, antiagglutinins.  antiprecipitins,  etc. 

Hypersusceptibility  or  anapliyiaxis.  Animals  may  react  to  certain  toxic  or 
foreign  substances  in  one  of  two  ways,  either  by  an  increased  resistance  or  immunity  or 
by  an  increased  susceptibility  (hypersusceptibility  or  anaphylaxis).  According  to 
TheobaUl  Smith,  Otto,  Rosenau  and  Arulerson,  Gay  and  Southard,  etc.,  there  occurs  a 
remarkable  toxic  action  in  guinea-pigs  as  the  result  of  an  injection  of  a  small  dose  of 
horse-serum  (.()001-.l  c.c),  followed  after  ten  days  or  two  weeks  by  a  second  injection 
of  relatively  large  amount  (5  c.c),  the  reaction  being  characterized  by  severe  symptoms 
with  death  within  one  hour.  This  reaction  is  specific  in  that  guinea-pigs  sensitized 
with  horse-serum  do  not  react  to  the  second  injection  of  other  proteid  substances,  and 
vice  I'ersa.  The  reaction  following  a  second  injection  of  the  same  proteid  in  guinea- 
pigs  appears  to  he  common  to  all  higher  forms  ol  albuminous  substances  (white  of  egg, 
liffmoglobin ,  milk,  extnict  of  pe^s,  bacterial  proteids,  etc.).  Simpler  albuminous 
substances,  such  as  peptone,  seem  to  have  slight  sensitizing  and  poisonous  properties, 
while  lower  nitrogenous  compounds  as  loucin  and  tyrosin  p().*«scss  none  at  all.  Hyper- 
susceptibility in  the  guinea-pig  may  be  transmitted  by  the  female  to  the  offspring. 
The  hypersusceptibility  may  persist  for  a  long  time  {Rosenau  and  Anders(m),  The 
hypersiisceptil^ility  produced  in  guinea-pigs  to  second  injections  of  bacterial  proteids 
resembles  that  pro(luced  by  second  injections  of  horse-serum.  It  is  significant  that 
the  period  of  inculcation  in  a  number  of  infectious  dispjises  corre.sj)onds  to  the  ten  to 
fourteen  days  required  to  sensiti/.e  animals  to  a  forr  ign  proteid.  (For  literature  see 
Anderson  and  Rosenau,  Jour,  of  Med.  Res.,  July,  1908) 
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CHAPTER  IV. 

Disturbances  in  the  Circulation  of  the  Blood  and  of 

the  Lymph. 

I.  General  Disturbances  of  the  Circulation  Dependent  upon  Changes- 
in  the  Function  of  the  Heart*  Changes  in  the  General  Vascular 
Resistance  and  Changes  in  the  flass  of  the  Blood. 

§  34.  The  mass  of  blood  is  kept  coiistantly  in  motion  by  means  of  the 
rhythmical  contractions  of  the  auricles  and  ventricles  of  the  heart.  The 
blood,  as  it  is  driven  into  the  elastic  tube  of  the  aorta  toward  the  jieriph- 
ery  of  the  body,  meets  a  significant  degree  of  resistance,  which  is  caused 
by  the  friction  in  the  innumerable  divisions  and  subdivisions  of  the 
arterial  system.  This  resistance  occasions  a  relatively  high  pressure 
throughout  the  entire  arterial  system,  which  in  the  human  femoral  artery 
equals  that  of  about  120  mm.  of  mercury.  After  passing  through  the 
Ciipillaries  the  blood  arrives  in  the  veins  with  very  little  velocity,  and 
stands  in  the  veins  under  a  very  slight  pressure,  which  varies  according 
to  the  location  of  the  vein,  and  is  greatest  where  a  high  column  of 
blood  rests  upon  the  lumen  of  the  vein.  In  the  great  venous  trunks  in 
the  neighborhood  of  the  thorax  the  pressure  is  usually  negative,  espe- 
cially during  inspiration,  as  the  thorax  during  this  stage  of  respiration 
aspirates  the  blood  from  the  veins  lying  outside  of  the  chest.  Only  dur- 
ing forced  expiration  does  the  positive  pi-essure  in  the  veins  rise  some- 
what higher. 

Assuming  the  niiuss  of  the  blood  to  be  constant,  the  degree  of  pressure 
within  the  aorta,  at  any  given  moment,  is  dependent  upon  the  work  of  the 
heart  and  the  resistance  in  the  arterial  system.  The  latter  in  turn  is 
dependent  upon  the  variations  in  the  total  diameter  of  the  combined 
cross-sections  of  the  blood-vessels,  due  to  the  ehusticity  and  contractility 
of  the  arteries.  In  the  major  circulation  the  arterial  tone  is  very  pro- 
nounced; in  the  lesser  circulation  it  is  slight,  the  blood -pressure  in  the 
pulmonary  artery  Ixang  only  from  one-third  to  two-fifths  that  in  the 
aorta.  Both  the  heart  and  the  arteries  are  under  the  influence  of  the 
nervous  system,  which  regulates  their  sictivity. 

The  activity  of  the  heart  consists  in  rhythmical  conti'actions  of  its 
musculature;  and  its  normal  efficiency  presupposes  that  the  heart-mus- 
cle, and  also  the  cardiac  ganglia,  are  sound.  Every  disetuse  of  the  heart, 
thei-efore,  in  so  far  as  it  diminishes  the  contractile  capacity  of  the  heart- 
muscle  and  lessens  the  lU'tivity  of  the  ganglion-cells,  and  in  so  far  as  a 
Icvssened  functional  activity  of  certain  i)arts  of  the  cardiac  muscle  is  not 
compensated  by  an  increiused  activity  of  other  parts,  will  diminish  the 
functional  capacity  of  the  heart. 

In  many  cases  in  which  the  functional  capacity  of  the  heart-muscle 
is  impaired,  certain  anatomical  changes,  such  as  fatty  degeneration  and 
n(»cr<)sis  of  its  cc^lls,  can  be  demonstrated ;  in  other  cases  no  anatomical 
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ehanges  can  be  made  out,  especially  iu  those  cases  in  which  the  diminu- 
tion of  working-capacity  follows  the  exhaustion  caused  by  excessive 
overexertion.  This  may  occur  when  the  heart  is  forced  to  work  for 
some  time  only  slightly  above  the  normal,  but  under  unfavorable  condi- 
tions, as,  for  example,  in  cases  of  elevation  of  the  body-temperature ;  as 
well  as  in  cases  when  for  a  short  period  it  is  overworked  to  an  excessive 
degree.  Under  certain  conditions  disturbances  of  nutrition  and  intoxi- 
cations, such  as  occur  in  the  infectious  fevers,  as  well  as  a  sudden 
diminution  in  blood-supply  from  the  obstruction  of  a  coronary  artery, 
may  cause  an  insuflSciency  of  the  heart  within  so  short  a  time  that  the 
heart-muscle  presents  no  recognizable  anatomical  lesion.  The  work  of 
the  heart  may  also  be  made  diflScult  at  times  through  the  formation  of 
adhesions  between  the  epicardium  and  pericardium,  and  between  the  lat- 
ter and  the  contiguous  pleura,  in  consequence  of  which  the  contractions 
of  the  heart  are  hinder^. 

Through  the  collection  of  fluid  in  the  pericardial  sac  in  the  course 
of  certain  diseases,  further,  through  marked  deformities  of  the  thorax 
causing  an  abnormal  smallness  of  the  thoracic  cavity,  and  through  a  high 
X>08ition  of  the  diaphragm,  the  diastolic  dilatation  of  the  heart  and  the 
free  afflux  of  blood  from  the  veins  may  be  hindered  to  such  an  extent 
that  the  ventricles  receive  too  little  blood.  If,  following  pathological 
processes  in  the  heart- valves,  there  result  rents  or  distortions  of  the  flaps 
or  adhesions  between  them,  or  if  in  case  of  dilatations  of  the  heart  and 
the  valvular  orifices  the  valve-flaps  become  relatively  too  short,  there 
may  arise  those  conditions  of  the  auricular  and  ventricular  orifices  known 
as  insufficiency  and  stenosis.  The  former  condition  is  characterized  by 
a  failure  of  a  valve  to  close  completely  during  the  diastole  of  the  auricle 
or  ventricle  lying  behind  the  given  valve;  the  second  condition,  by  the 
fact  that  during  the  contraction  of  the  auricle  or  ventricle  the  valvular 
orifice  does  not  suffice  for  the  passage  of  the  blood  through  the  opening. 
The  effect  of  a  stenosis  is  that  of  opposing  additional  obstacles  to  the  out- 
flow of  the  blood  during  systole.  In  aortic  and  pulmonary  insufficiency 
the  blood  regurgitates,  during  the  ventricular  diastole,  back  from  the 
great  vessels  into  the  ventricles;  in  mitral  and  tricuspid  insufficiency  the 
systole  of  the  ventricle  causes  a  regurgitation  into  the  corresponding 
auncle. 

Finally,  there  are  not  infrequently  formed  in  the  heart  masses  of 
coagula,  which  under  certain  conditions — in  case  they  lie  near  the  orifices 
— may  on  the  one  hand  interfere  with  the  proper  closing  of  the  valves, 
or  on  the  other  csaise  a  narrowing  of  the  ostium. 

As  the  result  of  all  the  above-mentioned  pathological  conditions,  the 
efficiency  of  the  lieart*s  function  is  impaired,  so  that  in  a  given  time 
too  little  blood  passes  into  the  arterial  system,  the  aortic  pressure  conse- 
quently falls,  and  the  velocity  of  the  blood-current  is  diminished ;  while 
in  the  venouc  system  the  blood  collects  more  and  more,  and  the  venous 
pressure  rises.  There  is  consequently  an  inadequate  filling  of  the  aiienes 
throughout  the  entire  body,  varying,  indeed,  according  to  the  degree  of 
contraction  maintained  in  individual  arterial  systems,  while  both  veins 
and  capillaries  are,  on  the  other  hand,  overfilled  with  blood.  There 
develops,  therefore,  a  condition  of  general  venous  tiypersemia,  which 
in  some  parts  may  become  so  marked  that  the  tissue,  because  of  the  en- 
gorgement of  the  capillaries  with  venous  blood,  ?oquires  a  hlue-red,  cya- 
notic appearance.  When  the  difference  in  pressure  between  the  arterial 
and  venous  systems  becomes  reduced  to  a  certain  minimum,  the  circula- 
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tiou  comes  to  a  standstill,  while  the  right  side  of  the  heart  becomes 
greatly  distended  with  blood. 

Should  the  contractions  of  the  heart  from  any  cause  become  weak  and 
imperfect,  the  pulse- wave  also  becomes  small.  If  the  rate  of  the  heart- 
beat becomes  diminished  in  frequency,  the  arterial  system  empties  Itself 
to  a  greater  extent  than  normally  during  the  pause  between  the  systoles. 

If  the  impairment  of  cardiac  efficiency  involves  the  left  heart  essen- 
tially, as  is  the  case,  for  instance,  in  valvular  disease  of  the  left  side,  the 
disturbance  of  circulation  is  manifest  first  in  the  systemic  arteries,  as 
well  as  in  the  pulmonary  vessels. 

In  stenosis  of  the  aortic  valves,  the  arteries,  if  the  heart's  action  re- 
main unchanged,  fill  but  slowly  and  incompletely  (pulsus  tardus).  In 
aortic  insufficiency  a  normal  or  even  an  inci^eased  amount  of  blood  is 
thrown  into  the  arteries  during  systole  (pulsus  celer),  but  a  part  of  this 
flows  back  again  during  dijistole.  In  both  cases  the  left  ventricle  be- 
comes more  and  more  distended,  the  emptying  of  the  left  auricle  is  hin- 
dered, its  cavity  also  becomes  dihited,  and  finally  the  blood  is  backed  up 
in  the  pulmonary  veins.  Owing,  however,  to  the  low  pressure  in  the 
pulmonary  circulation,  the  blood  is  readily  dammed  back  upon  the  right 
ventricle,  and  the  blood  stasis  may  finally  extend  beyond  this  into  the 
right  auricle  and  into  the  systemic  veins. 

Valvular  lesions  at  the  mitral  orifice  produce  similar  effects  upon 
those  portions  of  the  circulatory  apparatus  lying  behind  the  left  auricle, 
as  in  such  ciises  there  is  produced  also  a  condition  of  pulmonary  stasis, 
with  a  rise  of  pressure  in  the  pulmonary  arteries  and  veins;  while  the 
left  ventricle  either  receives  too  little  blood  (stenosis)  or  during  its  con- 
traction drives  a  portion  back  into  the  auricle  (insufficiency). 

In  valvular  lesions  of  the  orifices  of  the  right  heart  the  damming  back 
of  the  blood  is  limited  to  the  veins  of  the  systemic  circulation,  while  in 
the  i>ulnionary  circulation  both  i)ressure  and  velocity  are  diminished. 
Further,  the  pressure  in  the  aorta  also  falls,  since  the  left  side  of  the 
heart  receives  too  little  blood. 

The  damming  back  of  the  blood  in  the  great  systemic  veins  may 
manifest  itself  by  veiimis  pulsatmis  in  the  neighborhood  of  the  thorax,  in- 
asmuch as  retrograde  waves  of  pressure  proceeding  from  the  heart  may 
pass  through  the  veins  toward  the  capillaries,  distending  the  veins  to 
such  an  extent  that  the  venous  valves,  particularly  those  of  the  jugular 
bulb,  are  rendered  inadequate.  The  essential  condition  of  the  transmis- 
sion of  the  venous  pulsjition  is  the  insufficiency  of  the  venous  valves. 
In  the  case  of  imperfect  function  of  the  valve  in  the  jugular  bulb,  a 
slight  pulsjition  may  be  observed  even  during  normal  action  of  the  heart; 
but  when  the  veins  are  distended,  and  particularly  in  the  case  of  tricus- 
pid insufficiency,  the  pulsation  becomes  much  stronger  and  extends 
further  toward  the  j^eriphery.  If  the  tricuspid  is  adequate  the  venous 
pulsation  (presystolic)  is  only  the  expression  of  the  rhythmical  occur- 
rence of  a  hindrance  to  the  outflow  of  blood  from  the  veins  (negative  or 
normal  venous  x)ulsiO.  In  tricuspid  insufficiency  the  contraction  of  the 
right  ventricle  forces  blood  back  through  the  tricus]>id  opening  into  the 
right  auricle  and  into  the  veins  beyond,  giving  rise  to  a  systolic  venous 
pulsation  (positive  venous  i)ulse). 

If  in  a  heart  aff'ected  with  a  valvular  lesion  the  chambers  lying  be- 
hind the  lesion  become  distended  with  blood,  the  muscular  walls  of  these 
chanilK»rs,  in  cjtse  they  are  otherwise*  normal,  may  by  an  increased  ac- 
tivity compensate  for  the  valvular  lesion  witliin  certain  limits.     In  the 
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course  of  time  there  results  an  increase  in  the  volume  of  the  heart-mus- 
ele,  a  hypertrophy  of  the  heart-muscle,  which  enables  the  heart  to  carry 
on  its  increased  work  for  an  indefinite  i)eriod.  Such  compensation  fre- 
quently becomes  inadequate,  with  the  result  that  the  aortic  pressure  is 
permanently  lowered,  while  the  venous  pressure,  on  the  other  hand,  is 
abnormally  high.  There  is,  at  the  same  time,  the  danger  that  the  heart- 
musele  may  in  time  become  exhausted,  or  that  a  very  slight  illness  may 
render  the  heart  insufficient.  Thus,  for  example,  a  prolonged  quicken- 
ing of  the  heart's  rate,  by  shortening  the  diastolic  periods  of  rest,  may 
cause  cardiac  exhaustion  and  insufiiciency.  Arrest  of  the  heart's  action 
finally  follows,  with  great  accumulation  of  blood  in  the  heart,  since  the 
heart  is  no  longer  able  to  drive  onward  the  mass  of  blood  entering  it. 

An  increase  of  the  heart's  action — that  is,  an  increase  in  the  fre- 
quency of  the  heart's  contractions,  these  at  the  same  time  remaining 
strong  and  complete — causes  an  increase  in  arterial  pressure  and  an  in- 
creased velocity  of  the  blood-current.  When  increased  demands  are  fre- 
quently made  upon  the  left  side  of  the  heart — as  frequently  happens  in 
heavy  bodily  labor,  conditions  of  luxurious  living,  abnormal  irritability 
of  the  cardiac  nerves,  etc. — the  left  ventricle  may  become  hypertrophic 
awl  act  permanently  with  greater  force.  Inasmuch  as  the  quickening  of 
the  blood-stream  cjiuses  the  right  heart  to  receive  a  greater  amount  of 
hlwxl  during  diastole,  a  hypertropiiy  of  the  right  ventricle  is  usually 
found  ill  connection  with  the  hypertrophy  of  the  left  ventricle. 

1  essening  of  the  mass  of  blood  or  general  anaemia  from  the  loss  of 
Wood  leads  temporarily  to  a  fall  of  pressure  in  the  aoila;  but  if  the  loss 
0^  olood  was  not  excessive,  the  blood-pressure  rises  again,  as  the  vessels 
adapt  themselves  to  the  changed  conditions,  and,  as  the  result  of  the 
stimulation  of  the  vasomotor  centre  through  local  ansemia,  show  a 
gi^ter  degree  of  contraction.  Under  normal  conditions  the  mass  of  blood 
is  quickly  increased  through  the  absorption  of  fluids,  and  later  by  a  re- 
generation of  the  blood.  Similarly,  in  anhydrcemia — i.e.,  a  diminution 
of  the  water  of  the  blood — the  arterial  pressure  is  lowered  and  the  blood- 
<^Qrrent  slowed.  After  severe  haemorrhages  the  arterial  pressure  is  low- 
ered for  a  greater  length  of  time,  the  circulation  is  slowed,  and  the  pulse, 
^ause  of  the  lessened  stimulation  of  the  vagus-centre  (Cohnheim),  is 
^r^quent  and  small. 

In  the  case  of  lasting  diminution  of  the  blood-mass — i.e.,  the  condi- 
tion known  as  chronic  anaemia,  which  occurs  under  varying  conditions 
~~^he  vascular  system  is  imperfectly  filled,  the  blood- pressure  lowered, 
^d  the  blood-current  slowed.  Both  heart  and  blood-vessels  adapt  them- 
^ivos  to  the  new  conditions  and  become  diminished  in  volume.  In  the 
^^  of  a  marked  deficiency  of  haemoglobin,  degenerations  of  t>*e  heart- 
^^le,  particularly  fatty  degeneration,  frequently  occur. 

Increase  in  the  mass  of  the  blood,  through  the  injection  of  blood  or 
salt-solution  into  the  blood-vessels,  is  followed  in  animals  by  only  a  tem- 
porary increase  in  pressure  and  in  the  velocity  of  the  blood-current.  A 
^tttrn  to  the  normal  is  brought  about,  partly  by  the  dilatation  of  a  part 
^f  the  vascular  system,  particularly  in  the  abdomen,  and  partly  through 
^^^  elimination  of  the  surplus  from  the  vessels.  If  the  mass  of  blood,  as 
^c  result  of  some  especial  predisposition  or  of  high  living,  comes  to 
^and  in  an  abnormally  high  porportion  to  the  body-weight,  if  there 
exists  a  permanent  plethora,  the  pressure  in  the  ao'^ta  l)econies  perma- 
nently raised,  the  work  of  the  heart,  is  permanently  increased,  and  there 
develops  a  corresponding  hypertrophy  of  the  heati. 
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When  the  arterial  blood-pressure  is  raised  there  occurs  an  increased  giving-off 
of  fluid  from  the  blood,  and  thereby  a  concentration  and  diminution  in  the  amount  of 
the  venous  blood;  in  lowering  of  the  blood-pressure  the  amount  of  fluid  given  off  is 
diminished  and  eventually  an  increased  taking-up  of  fluid  occurs.  This  change  in  the 
venous  blood  is  under  normal  conditions  compensated  for  in  the  lungs:  in  the  flrst 
case,  through  a  taking-up  of  lymph  from  the  lymphatics;  in  the  second  case,  through  a 
giving-off  of  lymph  to  the  lymphatics  (/fc««;  "  Beeinflussung  des  Fiussigkeitsaus- 
tauscTies  zwischen  Blut  u.  Geweben  durch  Schwankungen  des  Blutdruckes."  D,  Arch, 
/.  klin.  Med,,  Bd.  79,  1903). 

§35.  Increase  of  the  general  vascular  resistance  may  occur  in 
either  the  greater  or  the  lesser  circulation,  and  results  in  an  increased 
pressure  behind  the  point  of  increased  resistance,  and  a  diminished  press- 
ure beyond  it. 

In  the  systemic  circulation  the  hindrance  may  lie  either  in  the  main 
vessel,  the  aorta,  or  in  the  arterial  branches,  whose  degree  of  contraction 
maintains  and  governs  the  normal  pressure  in  the  aorta.  Vascular  con- 
traction involving  a  gre^t  number  of  arteries  and  their  branches,  and 
sufficiently  well  marked  to  increase  the  blood-pressure,  is  generally  a 
temporary  phenomenon,  passing  off  with  the  relaxation  of  the  arterial 
tension.  Nevertheless,  a  permanent  increjise  in  the  aortic  pressure  with 
consequent  hypertrophy  of  the  left  ventricle  does  occur ;  and  this  cannot 
be  explained  otherwise  than  as  the  result  of  the  contraction  of  the  lumen 
of  the  smaller  arteries.  Transitory  arterial  contraction  and  increase  of 
pressure  occur  particularly  through  an  increase  of  the  amount  of  car- 
bonic acid  contained  in  the  blood.  A  permanent  increase  of  aortic 
pressure  is,  on  the  other  hand,  a  result  of  chronic  diseases  of  the  kidney, 
in  which  the  secreting  parenchyma  is  destroyed.  Inasmuch  as  the  por- 
tion of  the  vascular  system  which  is  thus  cut  off  is  much  too  small  to 
cause  such  an  increase  of  pressure  throughout  the  whole  aortic  system, 
since  the  vessels  leading  to  other  organs  might  become  correspondingly 
dilated,  it  must  be  assumed  that  in  the  ease  of  contracted  kidney  some 
other  hindrance  to  the  circnlation  occurs  throughout  more  extensive 
vascular  areas.  This  hindrance  would  most  natnnilly  be  sought  in  the 
apparatus  which  normally  serves  to  keep  the  aortic  pressure  at  its  proi>er 
height,  namely,  in  the  smaller  arteries  of  the  body.  Whether  the  condi- 
tion is  cauvsed  by  nervous  stimuli  arising  in  the  kidney,  or  by  the  action 
of  retained  urinary  substances  upon  the  vasomotor  centres  or  directly 
upon  the  vessel- walls,  or  whether  the  heart  is  excited  by  nervous  stimuU 
to  increased  action,  we  are  not  at  present  able  to  say. 

Increjise  of  resistance  in  the  aorta  may  result  from  stenosis  of  this 
vessel,  as  occurs  in  rare  cases  at  the  istlimus,  or  from  congenital  narrow- 
ings  of  the  whole  aorta,  large  aortic  thrombi,  or  from  extensive  disease  of 
the  vessel -wall,  in  consequence  of  which  the  intima  is  rough  and  nodu- 
lar, the  entire  vessel  rigid,  inelastic,  and  unyielding ;  or,  finally,  from  a 
general  dilatation  of  the  vessel,  whereby  eddies  are  formed  in  the  blood- 
stream. 

Lowering  of  the  total  resistance  in  the  systemic  circulation  is  pos- 
sible through  the  relaxation  of  the  tone  of  a  large  part  of  the  arteries, 
and  this  event  may  happen  when  the  vasomotor  centre  is  paralyze<l,  or 
when  the  cervical  cord  is  divided  or  partly  destroyed  through  any  other 
process.  Since  the  blood,  in  tins  case,  flows  abnormally  quickly  from 
the  arteries  into  the  veins,  the  difference  in  blood -pressure  between  the 
arteries  and  veins  is  lessened,  the  current  becomes  slower,  the  heart  re- 
ceives too  little  blood  during  diastole,  and,  finally,  the  circulation  may 
come  to  a  standstill. 
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Increase  of  the  resistance  in  the  pulmonary  circulation  occurs  most 
frequently  as  the  result  of  disease  of  the  lungs  and  pleura.  Adhesions 
of  the  pleura,  as  well  as  spinal  curvatures,  which  hinder  the  expansion 
of  the  lungs  and  their  change  of  volume  during  inspiration,  thereby  de- 
pri^nng  the  circulation  of  an  efficient  aid,  may  cause  such  increase  of 
pnlxnonary  resistance.  Of  great  influence,  moreover,  are  such  affections 
of  trlie  lung  as  idiopathic  emphysema,  retractions  and  indurations  of  the 
luog,  and  destruction  of  lung-tissue — all  of  which  lead  to  the  oblitera- 
tion of  a  portion  of  the  pulmonary  capillaries;  further,  compression  of 
the  lung  through  pleural  exudate;  and,  finally,  compression  of  the  pul- 
monary arteries  by  aortic  aneurism  or  by  tumors. 

If  the  hindrance  is  only  slight,  the  blood  may  make  for  itself  a  new 
passage  to  the  left  heart  without  any  increase  of  pressure ;  the  rate  of  the 
euTT^ut  in  the  blood-vessels  which  are  unobstructed  alone  being  increased. 
Greater  obstacles  cause  an  increase  of  pressure  in  the  pulmonary  artery 
and  the  right  heart,  and  if  the  condition  persists  for  some  time  the  right 
ventricle  through  increased  exertion  may  become  hypertrophic.  This 
can  occur,  however,  only  when  the  heart-muscle  is  adequately  nourished 
and  when  the  mass  of  the  blood  is  not  diminished  to  correspond  to  the 
dinainution  of  the  area  of  the  pulmonary  vessels.  If  the  right  heart  is 
not  able  to  overcome  the  obstacles  in  the  pulmonary  circulation,  the 
bloo^  is  dammed  back  upon  the  right  heart,  and  eventually  upon  the 
syst-^mic  veins. 

-An  increase  of  the  pressure  in  the  rigid  side  of  the  thorax  hinders  the  en- 
trance of  the  venous  blood  into  the  right  heart,  and  causes  an  accumula- 
tion of  blood  in  the  systemic  veins.  A  sudden  increase  of  pressui*e  may 
ca^^sc  a  retrograde  flow  of  blood  into  the  neighboring  veins. 

According  to  the  iDvestigjitions  of  liombcrg,  Passler,  Bruhna,  and  Midler,  pncumo- 
^^\^  diphtheria-bacilli,  and  the  Bacillus  pyocyaneus  injure  the  circulatory  apparatus 
of  the  rabbit  fleaving  out  of  the  question  the  dilatations  of  iho  lieart  tiiat  occur  particu- 
»^^y  in  diphtheria),  in  that  they  cause  paralysis  of  the  vasomotor  centres  in  the  medulla, 
"^is  paralysis  leads  to  a  diminution  of  the  arterial  blood-pressure  and  to  a  change  in 
u»e  distribution  of  the  blood.  The  splanchnic  vessels  become  overtoiled,  the  vessels  of 
the  train,  skin,  and  the  muscles  become  emptv.  The  heart  is  not  concerned  in  this 
disturbance  of  the  circulation.  In  general,  it  is  affected  secondarily  as  a  result  of  the 
deficient  flow  of  blood  due  to  the  vasomotor  paralysis.  A  central  paralysis  oj  the  r<?w- 
"l^'^^^is  also  responsible  for  the  circulatory  disturbances  occurring  in  the  acute  infec- 
^"^  /  and  is  the  chief  cause  of  the  failure  of  the  circulation. 

The  observation  that  hypertrophy  of  the  heart  follows  different  diseases  of  the 
Wdiieys  has  been  interpreted  in  various  ways.     Some  writers  seek  the  cause  in  an  in- 
crease of  the  volume  of  the  blood  {Trauhe,  Bamberger),  others  {Senator,  Ewald)  believe 
^^  to  be  due  to  the  changed  chai-acter  of  the  blood,  while  others  {Gull  and  Sutton) 
?^^be  it  to  a  widespread  change  in  the  walls  of  the  small  arteries.     Buhl  holds  that  it 
^due  to  the  over-nourishment  of  the  heart.     According  to  the  investigations  made  up 
Motile  present  time,  there  can  be  no  doubt  that  the  hypertrophy  of  the  heart  in  diseases 
9f  ^be  kidney  is  dependent  upon  an  increase  of  theaortic  pressure.     This  increase  is 
^^  explained  by  an  increase  of  the  resistance  in  the  small  arteries  of  the  entire  body, 
*tte  to  the  contraction  of  the  omall  arteries.    This  contraction  must  be  brought  about 
*»tber  through  the  direct  action  of  the  urinary  substances  contained  in  the  blood  or  by 
^nie  reflex  stimulus  from  the  kidneys,  or  finally  by  some  influence  exerted  upon  the 
'Womotor  centre.    It  is  possible  that  the  heart  "also  may   be  excited  to  increased 
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II.  Local  Hyperaemia  and   Local  Ancemla. 

§  36.  To  tbe  blood  is  assigned  the  function  of  supplying  all  the  or- 
gans and  tissues  of  the  body  with  nourishment.  The  cells  and  cellular 
structui'es  of  which  the  various  tissues  are  composed  are  able  to  maintain 
their  existence  without  the  advent  of  fresh  nutritive  material  only  for  a 
short  time ;  and  for  this  reason  the  majority  of  the  tissues  are  supplied 
with  blood-vessels,  and  those  not  possessing  vessels  of  their  own  are 
placed  in  the  mast  intimate  connection  with  vascular  structures. 

The  demands  of  the  diflFerent  tissues  for  blood  are  not  always  the 
same,  and  there  is  consequently  in  the  various  tissues  a  corresponding 
increase  or  decrciuse  in  the  afflux  of  blood  and  in  the  amount  of  blood 
contained  within  an  organ  or  tissue  at  any  given  moment.  An  organ 
rich  in  blood  is  designated  as  hyperaemic ;  one  poor  in  blood  as  ancemic 

The  regulation  of  the  amount  of  blood  which  an  organ  receives  under 
physiological  conditions  is  brought  about  by  a  change  of  the  resistance 
in  the  afferent  arteries;  and  this  change  is  effected  entirely  through  a 
variation  in  the  calibi-e  of  tlie  arteri(»s.  Since  the  total  mass  of  the 
blood  in  the  body  is  not  sufficient  to  fill  all  the  vessels  at  the  same  time, 
an  extra  supply  of  blood  to  one  organ  is  possible  only  by  supplying  a 
l(\ss  amount  of  blood  to  other  parts.  The  change  in  the  calibre  of  an 
artery  is  determincMl,  aside  from  the  blood -pressure,  by  the  ehisticity  of 
the  artery-wall  and  the  degree  of  contraction  of  its  smooth  muscle-fibres. 
These  fibres  are  the  regulating  element;  their  activity  is  dependent 
partly  ui)on  infiuences  affecting  them  dii^ectly,  and  partly  upon  ner- 
vous inriuenees  from  the  intravascular  i>lexuses  and  from  the  vasomotor 
centres  in  the  medulla  oblongata  and  in  the  spinal  cord,  some  of  these 
stimulating,  others  inhibiting  the  muscular  action. 

When  the  departures  from  the  avenige  blood -supply  of  any  part  of 
the  body  ovei*step  the  physiological  limits,  or  if  such  variations  arise 
without  physiological  cans(»s,  or  are  unduly  prolonged,  the  condition  is 
spoken  of  iis  pathological  hypersemia  and  pathological  anaemia.  These 
conditions  are  in  part  brought  about  by  the  siune  regulating  mechanism 
which  governs  the  normal  blood-supply  of  an  organ. 

Hyperacmia  of  an  organ  is  caused  under  pathological  conditions 
either  by  an  increase  in  the  arterial  su])])ly  or  through  an  obstruction 
and  damming-back  of  the  venous  outflow :  and  there  are  distinguished, 
accordingly,  two  forms,  an  active  or  conf/rntin'  (^arterial)  hypermniia  and 
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a  pasmve  or  fdagnaiion  [venous)  hypercemia.  Active  hyperaemia  arises 
through  an  increane  of  ihe  afflux  of  blood  {congestion),  and  may  be 
either  idiopathic  or  collateral.  The  first  of  these  plays  the  more  im- 
portant rdle.  It  depends  upon  a  relaxation  of  the  muscular  tunics  of 
the  artery,  which  may  be  brought  about  either  by  paralysis  of  the  vaso- 
condridors  (neuroparalytic  congestioti),  or  through  a  stimulation  of  the  vaso- 
dilators (neurotic  congestion) ,  or  through  direct  wenkening  and  paralysis  of 
the  muscles  (as,  for  instance,  by  heat,  bruising,  action  of  atropine,  brief 
interruptions  of  the  blood-current),  or,  finally,  through  a  diminution  of 
ihe  external  pressure  exerted  upon  the  vessels.  Collateral  hypercemia  is 
merely  the  result  of  a  diminished  flow  of  blood  to  other  parts.  It  oc- 
curs first  in  the  immediate  neighborhood  of  the  parts  whose  blood- 
supply  is  lessened ;  later,  the  blood  may  be  driven  also  to  such  other 
more  distant  organs  as  may  require  it. 

Active  hyperaemia  is  characterized  by  a  more  or  less  marked  redness  and 
sicelling  of  the  part,  which  are  very  striking  in  tissues  rich  in  blood-ves- 
sels. The  blood  flows  through  the  widened  channels  with  increased 
velocity,  and  gives  to  the  tissue  the  color  of  arterial  blood.  Superficial 
tissues  which  are  exposed  to  cooling  become  as  a  result  of  the  increased 
blood-supply  warmer  than  the  neighboring  tissues  which  are  less  richly 
supplied. 

Passive  Hyperaemia  arises  through  the  retardation  or  obstruction  of 
theflmc  of  blood  from  the  veins.  A  general  passive  congestion  of  the  systemic 
ttins  occurs  in  those  cases  in  which,  through  weakness  of  the  heart's  ac- 
tion, valvular  insufliciency  or  stenosis,  or  obstructions  to  the  pulmonary 
circulation,  the  emptying  of  the  large  veins  into  the  right  heart  is  hin- 
dered. In  the  pulmonary  circulation  stagnation  of  the  blood-stream 
n»ay  be  brought  about  by  any  cause  hindering  the  outflow  of  blood  from 
the  lungs,  particularly  valvular  lesions  of  the  left  heart,  weakness  of  the 
left  side  of  the  heai-t,  and,  more  rarely,  obstructions  in  the  systemic 
arteries.  Xot  infrequently  such  a  stasis  of  the  pulmonary  circulation 
"lay  reach  such  a  degree  that  the  blood  is  dammed  back  into  the  right 
^^rt,  and  into  the  veins  of  the  systemic  circulation  (see  §§  84  and  35). 

Local  passive  congestion  may  arise  directly  from  the  fact  that  the 
progress  of  blood  through  the  veins  is  not  adequately  supported  by  the 
^tivity  of  the  muscles  and  the  aspiration  of  the  blood  from  the  veins  dur- 
ing the  inspiratory  enlargement  of  the  thorax.  The  absence  of  the  fii-st 
factor  is  mast  apparent  in  the  case  of  the  branches  of  the  inferior  vena 
^^a;  as,  for  example,  in  individuals  who  pass  a  large  part  of  their  time 
sitting  or  standing  without  aetive  bodily  exercise,  so  that  the  emptying 
®f  the  deep-seated  venous  bi-anches  into  the  vena  cava  is  dependent  al- 
Diost  wholly  upon  the  activity  of  the  vein-walls,  which  by  virtue  of  their 
^^asticity  and  contractility  work  against  the  pressure  of  the  column  of 
Wood  resting  upon  them.  The  absence  of  the  inspiratory  aspiration  of 
tie  venous  blood  may,  on  the  other  hand,  make  itself  felt  in  disturbance 
®f  inspiration  through  inflammation  or  other  disease-processes  of  the 
^^g8  or  pleura. 

A  further  cause  of  local  passive  hypersemia  consists  in  the  narrowing 
®f  closing  of  individual  veins,  as  in  the  case  of  compression,  ligation, 
formation  of  thrombi  (^  38),  and  the  invasion  of  the  veins  by  new- 
^wths.  For  example,  the  pregnant  uterus  or  a  pelvic  tumor  may  com- 
Pi^the  pelvic  veins,  a  thrombus  may  obstruct  the  cerebral  sinuses  or 
^he  femoral  or  portal  veins,  or  a  sarcoma  of  the  pelvis  may  grow  into 
^he  large  pelvic  veins. 
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When  through  the  above-meutioned  proceases  or  throngh  ligation, 
single  veins  become  occluded,  the  effect  of  the  occlusion  is  often  very 
insignificant,  inasmuch  as  the  veins  concerned  may  possess  free  commu- 
nication with  other  veins,  so  that  but  slight  obstruction  is  offered  to  the 
outflow  of  the  blood.  If,  on  the  other  hand,  the  occluded  vein  possesses 
no  collateral  communications,  or  very  small  ones  which  are  inadequate 
for  the  passage  of  the  blood — as,  for  instance,  is  the  case  with  the  main 
divisions  of  the  portal  vein,  the  sinus  of  the  dura  mater,  the  femoral  and 
the  renal  veins — there  results  a  more  or  less  marked  passive  congestion 
in  the  area  supplying  the  given  vein. 

The  effect  of  an  obstacle  to  the  outflow  of  blood  shows  itself  first  in 
that  portion  of  the  vein  lying  between  the  obstruction  and  the  periph- 
ery, the  blood-current  becoming  slowed  or  checked  entirely,  while  at  the 
same  time  there  follows  a  progressive  filling  and  dilatation  of  the  veins 
through  the  continued  afliux  of  blood  from  the  capillaries.  If  through 
the  counteractive  effect  of  the  increasing  tension  of  the  elastic  and  con- 
tractile vein-walls  the  obstacle  is  overcome,  the  circulation  is  main- 
tained, and  the  blood  flows  toward  the  heart  through  the  channels  which 
it  still  finds  open.  Not  infrequently  the  small  veins  thus  called  upon  to 
perform  this  increased  labor  become  gradually  much  dilated,  and  are 
converted  into  larger  veins.  When  the  obstacle  cannot  be  overcome  and 
communicating  vessels  capable  of  dilatation  are  not  present,  the  circula- 
tion comes  to  a  standstill,  and  a  condition  of  stasis  (§  40)  or  thrombosis 
(§  38)  is  produced  in  the  obstructed  vessel  and  its  tributaries. 

If  the  congestion  within  a  venous  area  extends  to  the  capillaries,  so 
that  they  become  overfilled  with  blood,  the  affected  tissue  becomes  blue- 
red  or  cyanotic,  exhibiting  at  the  same  time  a  certain  degree  of  swelling. 

Both  active  and  passive  hypertemia,  observed  during  life,  may,  after 
death,  show  a  very  different  appearance,  and  not  infrequently  disappear 
entirely.  This  is  especially  the  case  in  the  active  hypenemias  of  the 
skin,  in  part  also  in  those  of  the  mucous  membi-anes.  This  is  dependent 
upon  the  fact  that  the  tissues,  put  upon  the  stretch  by  the  dilatation  of 
the  capillaries,  contract  upon  tlie  latter,  after  the  stoppage  of  the  cir- 
culation, and  by  their  counter-pressure  drive  the  blood  from  the  capil- 
laries into  the  veins.  In  this  way  a  tissue  which  was  red  during  life 
may  become  pale  after  death.  On  tlie  other  hand,  tivssues  which  during 
life  were  pale  or  at  least  showed  no  especial  redness,  may  after  death 
take  on  a  blue-red  color.  This  takes  i)lace  particularly  upon  the  sides 
and  back  of  the  trunk  (in  those  parts  not  pressi»d  upon  by  the  body- 
weight),  on  the  neck,  and  the  posterior  aspects  of  the  extremities  of 
cadavers  lying  upon  their  backs;  and  is  to  be  explained  by  the  fact  that 
after  death  the  blood  sinks  to  the  nuKst  dependent  parts  of  the  body,  and 
fills  not  only  the  veins,  but  finally  also  the  capillaries.  This  phenome- 
non is  known  jis  post-mortem  hypostasis,  and  the  areas  of  discoloration 
as  ** death-spots"  or  livores.  They  appear  within  about  three  hours 
after  death,  and  are  the  more  pronounced  the  greater  the  amount  of 
blood  contained  in  the  skin  and  subcutaneous  tissues  at  the  time  of  death. 

In  the  internal  organs  post-mortem  hypostasis  is  particularly  notice- 
able in  the  pia  mater,  the  dependent  veins  being  usually  more  inarkedly 
distended  with  blood  than  thos(^  situated  higher.  In  the  lungs  the  set- 
tling of  the  blood  causes  an  engorgement  not  only  of  the  veins,  but  also 
of  the  capillaries. 

If  the  general  circulation  during  life,  as  a  result  of  cardiac  insuflS- 
ciency,  is  imperfect,  and  there  results  a  genenil  passive  congestion,  the 
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blood  may  also  collect  iu  the  dependent  portions  of  the  body,  partly  be- 
cause it  is  not  driven  out  of  them,  and  partly  because  it  sinks  into  these 
parts  from  those  situated  oh  a  higher  level.  This  phenomenon  is  also 
known  as  hypostasis,  and  occurs  particularly  in  the  lungs  (hypostatic 
congedion). 

For  the  observation  of  the  circulation  and  its  disturbances  during  life  the  tongue 
or  the  web  of  the  curarized  frog»  properly  spread  upon  a  glass  plate,  may  be  used 
{Cohnheim,  Vireh.  Arch.,  Bd.  40).  This  mav  be  done  in  a  very  simple  manner  bv  draw- 
ing the  frog's  tongue  over  a  cork  ring,  which  is  cemented  to  a  glass  plate,  and  fasten- 
ing it  to  the  sides  of  the  ring  with  pins.  The  pulsating  arterial  current  and  the  con- 
tinuous venous  stream  possess  a  clear  zone  of  blood -plasma,  in  both  the  normal  and 
the  quickened  circulation.  If,  through  the  ligation  of  the  efiferent  veins  of  the  tongue, 
passive  congestion  is  produced  and  the  current  slowed,  the  plasma-zone  in  the  veins  is 
lost,  and  both  veins  and  capillaries  become  greatly  distended  with  accumulated  red 
ceils.  After  a  certain  time  the  tongue  swells  as  the  result  of  an  infiltration  with  trans- 
uded fluid. 

According  to  the  investigations  of  ton  Landerer  ("Die  Qewebsspannung,"  Leipzig, 
18&4).  the  wall  of  a  capillary  vessel  embedded  in  tissue  supports  only  from  one-third 
to  one-half  of  the  blood-pressure.  The  remaining  portion  is  borne  by  the  tissues,  which 
afford  an  elastic  resistance,  and  thereby  maintain  the  tension  which  is  necessary  to  keep 
the  blood  in  motion.  In  both  active  and  passive  hyperemia  both  the  tissue-pressure 
and  the  tissue-tension  are  increased ;  in  anaemia  they  are  diminished. 

§  37.  Local  ancemia  or  ischaemia,  the  lack  of  proper  blood-supply 
to  a  tissue,  is  always  the  result  of  a  diminution  in  the  afflux  of  blood. 
If  the  total  mass  of  the  blood  is  normal,  the  cause  of  the  anaemia  is 
purely  local ;  if  there  is  a  general  poverty  of  blood,  the  local  aneemia,  in 
l>art  at  least,  is  secondary. 

The  patholog^ical  diminution  in  the  blood-supply  to  an  organ  is  at 
times  merely  the  result  of  an  abnormal  increase  of  ihe  arterial  resistance, 
due  to  the  contraction  of  the  circular  mnscular  coat.  According  to 
^>tricker,  Steinach,  and  Kahn,  the  capillaries  also  possess  a  power  of  con- 
tractility which  is  under  the  influence  of  the  nervous  system.  In  other 
^^^^paiholoffical  obstructions — such  as  compression  of  the  arteries,  narrow- 
ing of  the  arterial  lumen  through  pathological  changes  in  the  vessel- walls, 
<J^po8it8  on  the  inner  surfaces  of  the  arteries,  occlusion  of  the  vessels  by 
emboli  (see  Fig.  2,  p.  65),   etc.— may  act  as  hindrances  to  the  blood- 


The  immediate  result  of  the  narroicing  of  an  artery  is  always  a  slow- 
ing and  diminution  of  the  blood-stream  beyond  the  point  of  constriction. 
^plete  occlusion  of  an  artery  brings  the  circulation  beyond  the  obstruc- 
tion to  an  immediate  standstill.  If  back  of  the  point  of  constriction  or 
^HJclnsion  the  artery  is  provided  with  large  arterial  communicating 
branches— the  so-called  arterial  collaterals— the  disturbance  of  the  circu- 
btion  may  be  compensated  by  an  increased  afflux  of  blood  through  the 
^Uateral  arteries;  and  this  compensation  is  the  more  complete  the  larger 
•Jid  the  more  distensible  are  the  collaterals.  If  the  narrowed  or  occluded 
Artery  possesses  no  collateral  branches  in  its  area  of  distribution — if  it  is 
*  so-called  terminal  artery — the  slowing  or  cessation  of  the  circulation  be- 
yond the  point  of  obstruction  or  occlusion  cannot  immediately  be  done 
*^y  with,  and  the  affected  vascular  area  becomes  partly  or  wholly  emp- 
^^  of  blood,  in  that,  through  the  contraction  of  the  arteries  and  the 
Pressure  of  the  tissue  on  the  capillaries  and  veins,  the  blood  is  almost 
wholly  driven  out  of  the  area  supplied  by  the  obstructed  artery.  Fre- 
quently there  occurs  after  a  time  an  afflux  of  blood  from  the  neighboring 
capillaries. 

When  the  current  and  the  pressure  beyond  a  constricted  point  have 
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suuk  to  a  certain  minimum,  the  driving  force  gradually  becomes  unable 
to  propel  the  mass  of  blood.  The  red  corpuscles,  in  particular,  cease  to 
move,  and  collect  in  the  veins  and  capillaries,  so  that  the  area  supplied 
by  the  artery  in  question  becomes  again  filled  with  blood ;  only  not  with  cir- 
culating, but  with  stagnant  blood.  The  same  thing  occurs  when,  after  com- 
plete occlusion  of  a  terminal  artery,  the  blood  slowly  and  under  low  press- 
ure enters  the  vessels  of  the  affected  area  from  small  arteries  incapable 
of  adequate  enlargement,  or  merely  through  anastomosing  capillaries. 
Finally,  an  accumulation  of  blood  within  the  anaemic  area  may  also  oc- 
cur by  a  reflux  from  the  veins.  This  takes  place  when  the  intravascu- 
lar pressure  within  this  area  has  sunk  to  nothing  in  the  arteries  and 
capillaries,  while  in  the  veins  a  positive  pressure  exists.  A  condition  of 
passive  congestion  in  the  veins  favors  such  a  reflux. 

A  further  cause  of  anaemia  of  one  organ  may  be  found  in  the  abnor- 
mal congestion  of  other  organs,  as  in  that  case  the  total  mass  of  the 
blood  is  not  sufRcient  to  supply  adequately  the  remaining  organs.  Such 
an  anaemia  is  designated  collateral  aiioemia. 

All  ancemic  tissues  are  characterized  by  paleness.  At  the  same  time 
they  are  flabby,  not  turgescent,  and  show  their  individual  color  more 
distinctly. 

The  significance  of  ischcemia  lies  especially  in  the  fact  that,  on  ac- 
count of  the  need  of  the  tissues  for  a  continuous  supply  of  oxygen  and 
food-material,  the  persistence  for  a  certain  length  of  time  of  the  condi- 
tion of  imperfect  blood-supply  brings  about  tissue-degenerations  (compare 
§  1).  Total  arrest  of  the  blood-supply  leads  in  a  short  time  to  the  death 
of  the  tissue  involved.  If  the  blood  comes  to  flow  anew  into  the  degen- 
erating and  dying  tissues  in  the  area  of  distribution  of  an  obstructed  ves- 
sel, and  there  stagnates,  an  extravasation  of  blood  into  the  tissue  may 
take  place,  leading  to  the  formation  of  a  hcemorrhagic  infarct  (comj^are 

The  rapidity  and  completeness  of  the  development  of  a  collateral  circuhition  after  the 
occlusion  of  an  artery  depends  upon  the  size  and  distensibility  of  those  vessels  which 
are  in  communication  with  those  of  the  ana»mic  area.  If  these  are  numerous  and  dis- 
tensible, the  anjumic  area  is  soon  again  supplied  with  an  approximately  normal  volume 
of  blood.  If  this  is  not  the  case  the  disturbance  of  the  circulation  is  more  slowly  com- 
pensated; and  the  stasis  and  increased  pressure  are  found  to  extend  farther  back  from 
the  point  of  obstruction  toward  the  heart,  so  that  a  collateml  hypencmia  occurs  in  ves- 
sels situated  farther  back  toward  the  heart.  In  the  further  course  of  the  process  of 
re-establishing  the  circulation  the  resulting  increase  of  volume  and  velocity  remains 
contined  to  such  vesstjls  as  communicate  with  the  area  of  the  obstructed  arterv,  that  is, 
confined  to  the  capillary  and  arterial  anastomoses,  where  the  increase  of  volume  and 
velo(!ity  become  permanent.  This  leads  further  to  a  lasting  dilatation  of  the  vessels 
concern(Kl.  and  at  the  same  time  to  an  increase  in  the  vessel-walls,  not  only  in  thickness, 
but  also  in  length,  as  is  evident  from  the  increased  tortuosity  of  the  vessels.  Accord- 
ing to  Nothmif/el,  the  phenomenon  of  the  increase  in  thickness  of  the  walls  of  the  anas- 
tomosing arteries  may  be  demonstrated  in  the  case  of  rabbits  in  about  six  days  after 
the  ligation  of  an  artery ;  and  after  the  ligation  of  large  vessels  in  their  continuity,  the 
small  arteries  which  carry  on  the  collateral  circulation  become  changed  in  the  course 
of  a  few  weeks,  into  quite  capacious,  thick-walled  arteries. 
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III.  Coas:ulation,  Thrombosis,  and  Stasis. 

g  38.  Upon  the  death  of  the  individual  the  blood  contained  in  the  heart 
and  great  vessels  sooner  or  later  coag^ulates  in  part,  and  there  arise  tho.se 
foi*iuations  which  are  known  as  post-mortem  clots.     If  the  clotting  oc- 
curs at  a  time  when  the  red  blood-cells  are  still  evenly  distribnted  in  the 
blood,  the  whole  mass  of  the  blood  becomes  coagulated,  forming  soft, 
darlc-red  masses  of  coagulnm  which  are  known  as  cruor.     If  before  the 
clotting  there  occurs,  through  the  sinking  of  the  red  cells,  a  separation 
of  t lie  blood  into  two  layers — a  substratum  rich  in  red  blood-corpuscles, 
and.  an  upper  fluid  layer  containing  none  ahd  consisting  only  of  the 
plasma — ^then,  if  the  latter  coagulate,  there  will  be  formed  soft,  gelat- 
inous, light-yellow,  elastic  lumps  and  stringy  masses  having  a  smooth 
surface  and  not  adherent  to  the  vessel-wall,  which  are  known  as  lardace- 

9ia,  12. — A  lardaceous  clot  from  the  cadaver.     (Formalin,  hematoxylin,  and  eosin.)     x  500. 

owi  clotx  or  imjibrinoNs  deposits.  These  contain  the  sjime  fibrin  threads 
(Pig.  12)  and  scattered  red  and  white  blood-cells.  Through  the  inclu- 
8iou  of  red  cells  in  these  formations,  they  may  present  in  parts  a  red  or 
reddish-black  color;  if  large  numbers  of  leucocytes  are  presi^nt,  they  may 
have  a  whitish  color. 

When  blood  is  drawn  from  an  artery  or  vein  and  received  into  a  vessel, 
coagulation  will  occur  within  a  short  time,  as  the  result  of  the  Jidhesion 
of  the  fluid  to  the  sides  of  the  receptacle.  The  entire  blood-mass  be- 
comes changed  into  a  soft  cohei*ent  msiss.     \Vlien  freshly  drawn  blood  is 
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beaten  with  a  solid  lM>dy,  the  fiiirfaoe  of  the  latter  beeoines  ruveted  in  a 
very  Rhort  time  with  felt  like /&n«»  If  mihhi  the  bodjf  hirgf  qnantities 
ofMoodpasHmtititothetimut'H-^^^,  for  exiimple,  into  the  peiicardium  or 
into  the  linings — roaffifhrfion  nisiy  oeetir  liem  likewLse,  and  the  extravasated 
blofKl  may  in  tliis  way  aeqiiire  a  finii  eoiisisleuey    (Fig*  13,  (/). 

Under  ceHain  eoiiditioiis  tliere  may  he  formed  tcUMn  the  heart  or 
hlood-vesffds  durhif/  I{f(\  Jinn  df-poHils,  whieh  in  part  are  similar  to  eriior, 
jiiul  in  |iart  to  the  lil>niMa;i.sses  ftn-inetl  Iiy  whipping  the  blood.  These 
formation's  are  known  as  thrombi,  ainl  the  ]*rocess  whieh  leads  to  their 
formation  as  thrombosis.     Aceording  to  their  color  they  may  l>e  distin- 


,^< 


*  *y 


I 


i^i 


I 


Fid.  I'll.— Toaffuluti^  blond  in  n  fresh  baBmoirhiurlc  infairtor  Clue  lunfr.  (MQUit^s  fluid;  tateniatoxyllii 
ind  (^rHfn.)  ^1,  Alvcniar  KHfi^L&  vvlrTKiui  niifytiM,  I'onuitrdtitr  aiplllnrlf^  ttlh^  wiili  tlurk  bio  la!)- violet,  bomo- 
gemiinis  tiimmhuA-mu!*?tf^ :  J*,  st-pU  cMintalnlriff  iuhIhI;  c,  vt-lii  filtwi  ulih  r»*i!i  tlirtjmbiL«*;  r7,  (/,,  alveoli 
ailed  with  drill  biiKMl-f"lut> ;  **,  alveijiiJ  tlllwl  witti  ti^nuH  fiuiJ,  Ilbrliv.  and  itQcotiytes.    >  90. 

guished  as  red^  colorlens  or  whUe  (that  is,  yellow  or  grayish -white),  au<* 
mixfd  fhromhi. 

The  coagulation  of  the  blood  is  a  peculiar  process,  difficult  of  exact 
intei"pretation.  Histologically,  it  is  ehaiaeterized,  b<jth  in  extrava^sc^ular 
elottinp^  (Kig,  13,  d,  dj  and  in  inlravikseular  as  well  (Fig.  14),  by  the 
foil  nation  of  little  rfnh  and  thrfftd.s  between  the  red  cells,  at  one  time  ar- 
ranged  in  a  mesh  work,  at  other  times  in  stellate  or  fjiseieular  group? 
around  centres.  These  little  rods  and  fibi^s  are  known  as  fibrin  ;  and 
are  in  part  smooth  and  sliiiung,  in  part  co\'eied  by  little  granules,  or 
piiilly  interrui»ted  by  granules,  or  are  composed  entirely  of  such  ctdl^-ftetl 
togethi*!'.  liesides  the  threails  there  occur  also  fref  ffranidrH,  fjrantdar 
masms,  and  Wuw/ j*/f//r.s  of  vaiyiiig  size  and  form;  ami  not  infretpiently 
such  f<n'm:itiiMis  lie  in  the  centre  of  the  fibrin-stai's.  At  times  the  stellate 
and  lasc*icnhir  ftJi'ins  of  libriu  niv  fonnd  ai'ranged  about  leucocytcH  or  at- 
tached to  endotlielial  cells  of  the  inlima  of  the  vessel. 

In  the  red  fdoodcdh  there  occur  here  and  there  degenerative  appear- 
ances, in  the  form  of  plasiuolysis,  plasmorrhexis,  and  plasmoschisis.  In 
pI(fxmnh/mH  or  eriffhrortfttdi^iiis  there  occnrs  a  passage  of  soluble  substances 
from  the  red  cells  into  the  bhiod  plasma»  so  that  t!ie  red  cells  l>t*come 
smaller,  and  the  so-called  micntcytes  and  red  blood  ci*ll  ** shadows"  are 
jn'odnced.     At  the  s;iuie  time  individual  ct*lls  may  Ixn-uine  swollen. 

In  ptasmorrhexlis  or  eri^hroctjforrhexls  and  in  plaHmfMrfims  or  ert/thrO' 
cffffMehtstH,  bright,  shining  gh>l>tiles  arise  from  the  ivd  cells,  or  the  latter 
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ki'uiiie  covered  with  little  priekl'^-like  projeetious,  or  come  to  resemble 
muUjerries,  or  send  out  proto[)Iiisiinf  iiioeesses,  Throii|;:li  the  8iiarin^- 
off  of  these  proiuiiieiiees  nniud,  diselike,  aoj^^iilar,  or  thread-like  iMulies 
are  formed,  which  are  ]»ai1]y  himio^^eiieoiits  and  partly  tiuely  granular, 
and  not  infreqiH^utly  enektjst*  larger  sbinia^  hudies,  F'iiially,  the  red  rells 
may  hi^ak  up  into  dise  like  iir  i^lotnikir  |>iece.s,  and  finally  into  ^ramdes. 
llie  format ioim  known  as  hft^ftipiaUH  nrt*  for  Ww.  ^li^iilvrpnri  prrtr hit rf if 
foniif'd  pnuhictH  of  plttsmorrhrxix  a  ml  pkimnoHrhisiji  of  the  red  iHtH ;  and  it  is 
IKWvsible  to  distinixnish  ainnii^^  them  those  wliieh  are  eolorless,  those  cou- 
tuinini^  hiemo^lohin,  and  iHiinoj^eaeoiis  and  ^raiuilar  forms. 

In  fresh  eoaguhit  elianp^es  eaimot  usually  l>e  demonstnded  in  the  rohr- 
iem  t^orpmdm  of  th'  hUmd ;  but  in  the  later  (*onrse  of  the  proeess  d*»jreia*ra- 
tive  appearanees  ar-e  found  in  these  also;  and  products  may  lliereby  l>e 
pnxiueed  resend*ling  thosi>  arisin*ic  tliroiigh  the  disiotegration  of  the  re*I 
bliMvd 'Culls  designated  as  bkjod-plat€*s. 

Beftv^'ni  the  df'Htrifiifon  of  ihr  red  bfood-reUti,  rt'HpfHfvrlj/  ih:  fontufiitm 
(if  th^  blood'phUt'H,  and  ihe  rompdation  of  the  bhod,  both  extra-  ttnd  inlnt- 
tHtsctthtr^  fh're  erinf  ifudoifbttdhf  chm:  rrhdiofts;  that  is,  eoagnlatiou  is 
mi  into  action  thron^h  the  occurrence  of  changes  in  the  red  cells  Jis 
above  described.  Acc(»rding  to  our  present  knowdedge,  it  must  be 
iissnmed  that  many  red  cells,  probaldy  the  <ddest  ones,  very  ea*sily 
mffer  such  clianges,  so  that,  for  example,  adherence  to  a  dise;isc*d  por- 
tion of  the  vessel  wall,  which  is  prevented  by  the  normal  coiabtion  of 
the  intinia,  is  suflici**nt  to  cause  a  disintegration  of  certain  red  cells,  with 
formation  of  bluod-i^lates,  and  later  cnagnhititm  and  thronduis- forma' 
tion.  The  origin  o(  conf^idation  has  also  lieen  regarded  as  due  lo  jiUis- 
molysisand  plasmorrhexis  of  the  leucocyfes;  further,  simihir  degenera- 
tions of  the  endothelium  may  also  induce  coagulatiom  The  possitality 
that  the  endothelial  cells  jday  a  certain  pjirt  in  the  origin  of  coagulation 
(?annot  Ire  excluded,  but  it  must  \h)  emphiusized  that  the  degenerative 
changes  ordinarily  preceding  coagulation  cannot.be  demonstrated  in  these 
t^lls.  The  facts  bronght  forth,  particularly  by  llaust^r  and  Zenker,  that 
the  tibrin 'threads  m>t  infretjuently  are  attached  to  endothelial  cells,  or 
tencoeytes,  or  to  the  remains  of  such  cells,  do  not  pro\  e  that  thei?43  are 
the  exdierJi  of  coagnhition,  4jr  that  they  oflFer  nmterkd  fiu^  the  formation 
of  fibrin;  inasmuch  as  the  deposit  of  the  fibrin  upon   these  cells  may 

be  due  to  purely  mechanic^il 
^,  causes. 

..^r^rJs^  The    chemical    processes 

^•r^  concerned  in  coagnlation  can- 

not at  ]>rpKent  be  explained. 
It  is  aKsumed  that  for  its  oc- 
currence the  presence  of  a 
fbriftof/nne  ttttbsUtnee,  a  fer- 
m  rid  { / ft  rom  bift ) ,  a  n  1 1  ce  r  1  a  i  n 
mltii^  partiindarly  adcium  mdln, 
is  necessary;  and  that  the 
hbrinogenie  snUstance  is  an 
allniminoid  bt»4ly  belonging  to 
the  glob u It » .v,  w h i < ' h  i s  | » rest* n t 
in  tlie  blmHl  plitsma,  while 
the  ferine  id   is   prodnt^ed   by 

riu.  ii.-Biin<Jk^   awl   ftar^flittped  cluster*  of  flbriTi      ^^^^    C4^Ils.       According  to   A, 
iftnr«4u  wiuitfi  a  bioi^i-vessftcu    (nbrin  tttoinj    Pr^piira-      Si'liuiiclt   thrombin  Is  dcriviMl 

xuxk  Irom  a  parent -substance,  pro 
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thromhui  which  becomes  active  um]vr  tl»e  iiifliipneo  of  a  zijmoplaHfif^  nnlh 
dancr.  By  iiieiuis  of  thotlirombin  tiiert^  is  rnniietl.  in  iiu  as  yctiinkirown 
jjiamier,  iimu  the  gl*»bnJiiispn-i.^xiHliur,.  intlio  alkaliur  Ncihilion,  nL^reatlv 


Kwolleii  albiiiuiijuid  body,  \\hw\ 
is  prec'ipJtakHj  liy  the'culcium 
RiiltH  t*oijtaijK»d  in  tJie  iiIusiikl 
In  Ihe  piwcssof  coa^ntialion  we 
Tiiiisl,  thereforf*,  reoogni/x'  two 
sta|c*^s,  iKtiiudy,  Hie  ntage  uf  tlie 
prodnetiuii  of  tlie  <il>nii-fenoeiit-, 
and  tlie  .sfsi^^e  of  the  action  of  tlie 
fenaent  orc**a^ndatioii  pi'oper. 

JVIoiTiwItz  is  al8o  of  the 
opinion  that  tibriu  ferment 
aris^^s  through  the  cooperatiua 
of  several  salwtunees,  fhrnmlm- 
gpH,  thmmimkhmM\  and  cuhiinu. 
The  substance  designated  as 
throndiokioase  is  identical  with 
the  zymophistic  substance  of 
Schmidt  and  behaves  in  the 
same  way  as  a  fernieot. 

The  red  thrombus  m  formrd 
under  .wch   coHtHttonJi  (fn  the  eum 
phtr  Hfopp(tf/r  tt/  ihr  circaiftlttnt  or 
tf  mttrh'd  .sifurhif/  ttf  thf  Htiwe,  and 
comprist^s   tiie  tt^tal  mass  uf  t!ie 
fibrin  forms  ^jrauules  (Fig,  ir>, 


W^^. 


FIG.  15.— SectUin  amtuitit  n  rtil  iiai>riilni9  foniied  In 
i)ii«  i}t  the  Vf'jnsor  llii*  thifrti-muMik^,  after  cJ<Hiiiiiion  of 
Ihw  hnimmi  vHli,  (MfilJtT'i*  riul'i;  hit-tmiloxylln.!  d, 
yibrJ a  -  threads ;  /j.  leuciM-yk«  aad  j^^niuuiiir  luuiMieft. 
XJS60. 


red  cells  (Fig.  ir>).  The  precipit:ited 
b)  and  threads  (a),  in  fresh  clots  in 
small  vessels,  it  is  not  iidreqneiatly  possiblr  1o  denioust rale  altei' death, 
by  means  of  si^ecial  inethoils,  I  be  piH^sence  (»f  bundles  antl  star  shaped 
clusters  of  ti  brio -rods  (Fig.  14),  which  nidiate  from  centres  of  coagula^ 
tion.  In  such  ciLst*s,  however,  it  is  often  impossibU^  tu  distiuguisb  wilh 
certainty  to  what  extent  the  coagniatiun  is  intravital  or  to  wlnit  extent 
post-iuortem.  tSuch  fnrm  of  ct»agulath»u  is  most  frequently  obs*n'Ved  in 
intlamed  tissnes,  ami  the  conclusion  is  warranted  ttnrt  changes  iji  the 
l>lood  neeurring  in  such  iullammatory  aiT^us  are  the  cruise  of  tliis  variety 
of  hbiin-fonoation.  JSiiu't^  these  tlirombi  often  cmdosi^  very  few  rm 
blood  cells  (Fig.  14)  andtheietiy  preseid  a  pale  apiJeurance,  it  is  evident 
that  the  red  blood-cells  for  the  greater  part  must  have  l>ecome  disinte- 

Immediately  after  its  formation  tiie  red  thromt>ns  is  soft  and  rich  in 
the  tluids  of  the  hlnod ;  hiter  it  lMM*onies  tongticr,  denser,  an*!  nn>re  dry, 
as  the  tibrin  ciudi:u'ts  and  stpiee/es  ont  a  portion  of  tlio  llnid.  At  Hie 
same  tinu*  it  brcnrnes  j^ilrr,  iH'ownish-i'cil  or  of  a  rust-eolor,  inasmncJi  ils 
the  f^liiod'ingment  undergoes  chajiges  similar  to  those  occurring  in  ex- 
traviis;di()ns. 

The  cause  of  the  ante- mortem  intravascular  coagulation  is  tci  Ih' 
found  either  in  an  increatie  in  the  prodndion  o/Jibrin-Jentiad  or  Jibnuogeim 
SidMufwra  or  hi  a  dlmmuliim  of  the  pmver  pmsesfied  hif  the  nonmd  vfUMrhmdl 
of  hihilnthiij  cimjjulidiim.  Under  certain  conditiiHis  the  more  marked  ad 
hesion  of  the  blood  to  a.  drgenerated  arra  in  the  vess<d-wall  may  in  itS4*lf 
lie  snihcient  to  indnt'c  eoagnlalinn.  This  occurs  accordingly  in  Itgatcd 
vessels,  when  the  endothelium  at  the  point  of  ligation  is  injured;  but  in 
ttn^  case  of  a  slight  injury  to  the  vessel-wall  an<l  the  blood,  clotting  may 
not  take  phice  (Baumgartcn). 
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White,  mixed,  and  often  distinctly  laminated  thrombi  arise  in  the 
flawing  blood,  and   consist  of  masses  of   yellowisli  color,  or  of  various 
shades  of  red,  or  of  alternating  layers  of  red  and  white.     The  micro- 
scopical examination  shows  them  to  consist  of  grauuhir  and  thread-like 
masses  (Figs.  16  and  17),  leucocytes,  and  red  cells,which  in  varying  pro- 
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Fio.  16.  -  Section  from  a  mixed  Uirombus  rich  in 
cells.  (MQller'K  fiiiid,  hirmatoxylin.)  a,  TU^  blooti- 
cella;  />,  frranular  ma8S(>M;  c,  it*tlcular  fibrin  con- 
talDinfr  many  leucocytes;  r/,  thrtAds  of  fibrin  in 
parallel  arrangement,    x  iX)0. 


Fio.  it.— Section  from  a  white  thrombus  contain- 
ing but  few  cells.  (Mfliler's  fluid;  hff;matoxylln.) 
a.  Granular  masses;  /),  flbmgranular  fibrin  form- 
ing a  net-like  reticulum ;  c,  fibrin-threads  in  parallel 
arrangement,     x  200. 


portion  and  arrangement  make  up  their  structure.  White  thrombi  may 
consist  almost  entirely  of  granular  masses  (Fig.  17,  «)  and  fibro-granu- 
lar  fibrin,  which  in  some  cases  is  arranged  in  a  meshwork  (6),  in  others 
in  fibres  running  nearly  parallel  (c)  which  enclose  few  leucocytes.  In 
other  ciises  the  number  of  cells  may  be  much  greater.  In  mixed  thrombi 
(Fig.  16),  granular  fibrin  (ft),  more  rarely  hyaline  masses,  thready 
fibrin  (r,  df),  and  red  blood-cells  (a),  in  varying  proportion  and  in  alter- 
nating stratification,  constitute  the  thrombus-mass,  and  all  of  these  ele- 
ments enclose  more  or  less  niunerous,  often  many  leucocytes.  The  color- 
less portions  of  mixed  thrombi  consist  essentially  of  fibrin,  fluid,  and 
leucocytes,  but  they  often  contain  also  numerous  decolorized  red  blood- 
cells. 

The  fibrogranular  manses  which  form  part  of  the  structure  of  the 
thrombus  are  composed  of  precipitated  fibrin.  The  granular  and  hyaline 
massesj  on  the  other  hand,  probably  arise  dii'ectly  from  the  products  of 
the  plasmoschisis  and  plasmorrhexis  of  the  red  blood-cells,  in  particular 
from  the  blood-plates.  In  large  thrombi  they  pften  show  a  eoml-like 
arrangement. 

The  causes  of  the  formation  of  white  and  mixed  thrombi  are  es- 
pecially: changes  in  the  intinia  of  the  heart  and  the  vessels  and  diseases  of  th4> 
Tosetdar  apparatus^  that  lead  to  a  general  or  local  slomng  or  irregularity  oj 
the  hlood'Stream, 

The  formation  of  thrombi  may  be  studied  directly,  in  suitable  subjects,  undei 
the  microscope,  both  in  the  case  of  cold-blooded  and  warm-blooded  animals;  and  the 
obflervations  made  in  this  line,  especially  by  Bizzozeroy  Ebcrth,  Schimnielbusch,  and 
Lowit.  have  led  to  very  important  results. 

When  the  blood  flows  with  normal  velocity  through  a  blood-vessel,  there  may  be 
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Been  untler  the  inicroecope  a  brojid,  hniiiogen&ius  red  strpam  in  tho  axis  of  tlie  blood- 
vesiiel  (Fip^.  18»  ti),  while  at  the  sides  there  lies  a  clttir  plasma-zone  (6)  free  from  red 
cells.     This  may  be  obiiervetJ  in   the  arteriei^,  veins,  and  lar^e  capillaries,  but  is  Wst 

seen    in    the   veins  ^    while    rn  the 
,,  small    capillaries,    which   are  just 

large  en  finish  to  [>erniit  the  p:\s^ 
a^e  uf  the  red  crlls.  this  (JifTerenoe 
between  the  axiitl  strt*ani  and 
plasma -zone  is  nut  present. 

In  the  axial  stream  the  dififer- 
ent  constituents  of  the  blood- 
stream are  not  recognizable;  in 
the  plasma- zone  there  appear, 
from  time  to  time,  white  blood- 
corpuaelcH  (Fig.  18,  d)  which  roll 
slowly  on  along  the  ves-sel-WMll, 

If  the  blnud-s«n*ani  becomes' 
i"etarded  Ut  about  the  degn^e  tluit 
the  revl  celk  of  the  axial  stream 
are  indistinctly  rtTogniZiible  (Fig- 

19,  ff),  the  nnnd*erof  white  ci^qjus- 
cleH  which  roll  shmly  along  in  the 
plasma-zone^  at  I ttnes  adhering  to 
the  vessel-wall, becomes  coiij^tniitly 
i  n  c  reu  se<  i  { V  ig ,  U> ,  tf) ,  so  1 1  la  t  t  hey 
finally  corne  to  lie  in  great  num- 
bers in  this  zone. 

If  the  current  Is  still  further 
retarded  so  that  tfie  red  cells  be- 
come   piairdy    recognizable    (Fig, 

20,  a),  there  appear  in  the  periph- 
eral plasma-zone,  in  addition  to 
the  colorless  blood-corpuwles  id), 
also  blofjtl-plates  ib),  which  in- 
crease more  and  more  in  numl>er 
with    the  progressive    retardation 
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Fir..  la-RiipiiUy  ilr-wlnif  bkKiil-strtmm.    a»  Ajtial  Btrmm : 
K  inar0aikl  zone  wtUi  IwiluU^l  Itiucwv'tea*  tt,    <  After  Ebortli 

Fiii.  l9.-\1<Hi«'rTitely  sinw  bltxid^trHrtm.    a.  Axial  strejun^ 
Ik  iwMiphrnil  zour  \vMli    niaii«5ruu!<   leutwvtes,  d.     tAftt*r 
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inlHMiJl  filnnuri  wRh  Mfm(}.pli*[f«*;  (*,  cijlletUunof  hl<M>*l-platL'i^         r,f    tKp    fiirrent      whilf  thp    l.'urr* 
d,  rJ,  Jt'mwvto,    iAXi^rEtjtrthwmscliiniiiielbiiKii.)  oi    me    currLui,    wnnt   tne    iiuco 

cyte.s  again  become  dimnHsheti  in 
numbers.      When   total   arrest   of 
the    blood-current  finally  occurs,  there  followg  a  distinct  separation  of  the  corpus- 
cular elements  in  the  lumen  of  the  vessel. 

Ifp  in  a  ves.sel  in  which  the  circulation  is  retarded,  the  intima  is  injured  at  a  certain 
point  l>y  compression  or  crushing,  or  hy  means  of  chemical  agents,  as  corrosive 
sublimate^  nitrate  of  silver,  or  sodium  chloriile,  and  if  the  lesion  of  the  wall  does  nut 
lead  1^1  a  complete  stoppage  of  the  circuliition,  bhttui-phies  may  be  si-en  mlhering  ^»  the 
injured  port um  of  tfu'  wait :  and  in  a  abort  time  the  injun'd  spot  is  ctjvered  wtth  many 
layers  of  the  same  (Fig.  20,  r).  Often,  inure  or  less  numerous  kucoeytts  (dt)  become 
ernheilded  in  this  mass,  uml  their  number  is  the  grexiter  the  more  numerous  these  are 
in  the  plasma- zone.  Under  certiiin  conditions  they  may  be  ver>'  numerous  and  partly 
cover  up  tlie  I dood- plates.  In  case  of  great  irregularity  of  the  circulation  or  more 
flevere  changes  in  the  vessel- wall,  red  cells  may  also  drop  out  of  tla^  circulation  and 
become  adhvrent  to  the  vessel- wall  or  tlie  colorless  deposit  alremly  formcil.  Not  infre- 
quently portions  of  the  thrnmbus-ma.ss  are  again  lorn  loose,  in  which  case  a  new  de- 
posit of  hlood-plates  occurs.  The  ves.sel  may  linally  be  closed  as  the  result  of  a  long- 
continued  tleposit  of  the  bh»od-ek*ments. 

When  at  any  point  lilood-plates  in  large  numbers  luiA'e  become  adherent  to  the 
vessel-wall,  they  bwomc  after  a  time  coarsely  gmnuhtr  at  their  centre,  and  finely 
granular  or  homogeneous  at  their  perijjhery,  and  l>ecome  fnsc<l  together  into  one  com- 
pact mass.  The  final  result  of  this  process  is  the  formiilion  of  a  colorless  blowl-plale 
Ihrambu^,  within  which  more  or  less  nulnt^rous  ItuaH'tfles  tuny  be  imprisoned,  Elierth 
designates  the  sticking  together  of  the  blood-plates  as  comjlidf nation,  their  fusion  into  ii 
coherent  thromhus-mass  as  Hscon^  metamffrphmis. 

According  to  the  investigations  of  (tfdsrhjf  the  first  steps  of  coagulation  consist 
in  the  pirecipitation  of  a  gelatinous  mass;  and  to  this  "  nrimury  fibrin- f membrane"  the 
hlootl-plates  and  later  the  other  formed  elements  of  the  bloml  ciitch,  and  niay  remain 
fastened. 

If  we  compare  the  observations  made  upon  wann-blooded  animals  by  Bizzo^en^ 
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Eherthr  and  SchimmeOmschy  and  more  recently  by  Lowit  and  Gulachy,  with  the  his- 
tological findings  in  thrombi  occurring  in  the  human  subject,  we  are  warranted  in 
(lra>\'in^  the  conclusion  that  the  formation  of  thrombi  in  the  circulating  blood  of  man 
occurs  m  part  in  the  same  way  as  that  observed  in  the  lower  animals.  Thrombosis  is, 
therefore,  directly  dependent  upon  two  causes:  namely,  disturbances  of  the  circu- 
latjun,  particularly  retardation  of  the  current  and  the  formation  of  eddies  which  drive 
the  blood-plates  against  the  vessel-xvall ;  and  local  changes  In  the  vessel-walls. 
It  is  also  probable  that  thrombosis  is  favored  by  pathological  changes  In  the  blood. 
From  the  variety  of  conditions  under  which  thrombosis  in  man  occurs,  we  must  assume 
that  at  one  time  one  cause,  at  another  time  another,  plays  the  chief  part  in  the  forma- 
tion of  the  thrombus,  or  that  all  three  mav  take  an  equal  part  in  the  process. 

If  a  blood-plate  thrombus  or  a  conijfutination-thrombus  has  formed  at  any  point, 
coagulation  may  subsequently  occur,  yielding  fibrin-threads  which  enclose  a  greater 
or  less  number — often  large  number — of  the  cellular  elements  of  the  blood.  Con- 
glutination and  coagtUation  may  occur  in  combination  ;  and  the  frequency  with  which 
this  comes  to  pass,  judgine  from  the  composition  of  the  thrombi  occurring  in  man 
(Figs.  16  and  17),  seems  to  denote  the  fact  that  fibrin-ferment  is  produced  during  the 
fonnation  of  the  blood-plate  thrombus,  and  that  consequently,  in  the  neighborhood  of 
the  conglutlimted  blooa-plat€s,  processes  of  coagulation  occur  in  the  adjacent  plasma- 
zone  of  the  blood-stream.  If  white  corpuscles  alone  are  circulating  in  this  zone,  the 
mass  of  coagulum  is  white  (Fig.  17)  and  encloses  a  greater  or  less  number  of  red  cells; 
if  red  corpuscles  also  circulate  in  the  peripheral  zone,  or  if  the  coagulation  extends 
into  the  red  axial  stream,  mixed  thrombi  will  be  formed  (Fig.  16). 

In  the  place  of  blood-plates  whole  red  blood-cells  may  be  fused  together  by  agglu- 
tination (Flexner)  and  so  form  hyaline  thrombus-masses.  If  in  marasmic  individuals, 
as  not  infrequently  happens,  or  in  those  who  have  been  subjected  to  some  traumatism, 
extensive  thrombosis  occurs,  this  occurrence  is  probably  connected  with  a  ferment- 
intoxication  {Kdhler,  von  During);  and  the  local  disturbances  of  circulation  only  de- 
cide the  location  of  the  coagulation.  Vaquez  is  of  the  opinion  that  infections  play  a  / 
ver>'  prominent  r61e  in  the  origin  of  cachectic  thrombi.  It  is  probable  that  the  throm- 
boses occurring  in  cases  of  chlorosis  are  dependent  upon  changes  in  the  blood. 

According  to  Naunyn,  Franken,  Kdhler,  PlosZy  Gyorgyaiy  Hanau,  and  others,  a 
more  or  less  extensive  thron>bosis  may  be  produced  by  the  injection  into  the  blood- 
ves!$els  of  laked  blood,  solutions  of  hsemoglobin,  salts  of  cholic  acid,  ether,  and  other 
substances;  yet  the  results  of  thes?  experiments  are  not  constant  {Schiffer,HdgyeR,Lan- 
dois,  Eberth)^ a.nd  coagulation  may  not  occur.  The  probability  of  effecting  coagulation 
is  proportionate  to  the  degree  of  disturbance  produced  in  the  blood  by  the  substance 
injectecl. 

According  to  Arthus  and  Pages,  the  blood  flowing  from  the  veins  becomes  inca- 
pa!)le  of  coagulating  spontaneously  if  sodium  oxalate,  sodium  fluoride,  or  soaps  are 
added  to  it  in  such  quantities  that  the  mixture  contains  0.07-0.1  per  cent  of  the  oxalate, 
or  about  0.2  per  cent  of  the  fluoride,  or  0.5  per  cent  of  soap.  These  salts  all  act  by 
precipitating  the  calcium  salts.  If  to  blood,  kept  fluid  by  treatment  with  oxalic  acid, 
one-tenth  of  its  volume  of  a  one-per-cent  solution  of  calcium  chloride  is  added,  coagu- 
lation occurs  in  six  to  eight  minutes,  and  the  calcium  salts  pass  into  the  combination  of 
the  fibrin-molecule.  The  fibrin-ferment  can  act  upon  the  fibrinogen  only  in  the  pres- 
ence of  calcium  salts.  Under  the  influence  of  the  fibrin-ferment,  and  the  presence  of 
calcium  salts,  the  fibrinogen  undergoes  a  chemical  change  which  results  in  the  forma- 
tion of  a  calcium-compound,  fibrin.  Hammarsten,  who  holds  that  tlie  presence  of  cal- 
cium is  not  necessary  for  the  change  of  fibrinogen  into  fibrin,  attempts  to  explain  the 
obser\'ation  of  Arthus  and  Pages,  through  the  assumption  that  the  calcium  salts  are 
necessary  factors  for  the  conversion  of  prothrombin  into  thrombin. 

If  blood  be  allowed  to  flow  beneath  a  layer  of  oil.  into  a  vessel  coated  with  a  film 
of  vaseline,  it  will  no^  coagulate  (Freund);  and  from  this  it  may  be  assumed  that  the 
cause  of  the  coagulation  is  to  be  found  in  the  adhesion  of  the  blood  to  a  foreign  body. 

Bizzozero,  in  the  year  1882,  described  as  a  new  element  of  the  blood,  small,  flat, 
homogeneous  structures,  which  he  designated  as  blood-plates,  and  regarded  as  identical 
with  the  hsematoblasts  described  by  Hayem.  Supported  by  thorough  experimental 
investigations,  he  assumed  that  it  was  these  bodies,  which,  in  breaking  up,  induced 
coagulation,  and,  therefore,  denied  this  to  be  a  property  of  the  leucocytes. 

Since  their  discovery  the  blood-plates  have  been  the  object  of  an  extraordinary 
number  of  investigations  and  have  been  interpreted  by  different  writers  in  the  most 
varied  ways.  About  them  revolve  the  disputed  questions  as  to  whether  they  are  con- 
stant elenaents  of  the  blood  or  arise  only  under  pathological  conditions,  whether  they  are 
true  cells  or  represent  only  disintejf  ration  products  of  the  red  or  white  blood -cells,  and 
finally,  whether  they  have  any  definite  relation  to  the  coagulation  of  the  blood.  Ran- 
9dienoachf  Heyl,  Weigert,  Lowit,  Eberth,  Schimmelbusch,  Hlava,  Groth,  Wlassow,  Ziegler^ 
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Arnold,  Schwalbe,  Deetien,  Deckhuyzen,  Kopsch^  Argvtinaki,  Barker,  and  others  have 
busied  themselves  with  these  questions.  According  to  my  own  views,  which  agree 
essentially  with  those  of  Wlassow.  Arnold,  and  Schwalbe,  the  blood-plates  are  for  the 
greater  part  disintegration  and  extrusion  products  of  red  blood-cells;  according  to  the 
investigations  of  Ar.iold,  Schwalbe,  and  others  similar  products  may  arise  also  from 
the  colorless  cells  of  the  blood.  At  times  they  show  appearances  of  motion;  but  they 
cannot  be  regarded  as  cells.  They  sometimes  contain  within  them  bodies  staining 
similarly  to  nuclear  substance,  and  these  are  probably  to  be  referred  to  the  elements 
of  nuclear  substance  which  are  present  in  the  red  blood-cells.  According  to  Homer 
Wright  {Virch.  Arch.,  Bd.  186,  1906)  the  blood-plates  are  fragments  of  the  cytoplasm 
of  the  bone-marrow  giant-cells,  and  occur  only  in  those  vertebrates  in  whose  marrow 
giant^cells  are  found.  Their  number  increases  or  diminishes  in  proportion  to  the 
number  of  giant-cells.  Cole  {Johns  Hopkins  Hj:v.  EuU.,  1907)  has  produced  a 
specific  agglutinating  serum  for  blood -platelets.  His  experiments  appear  to  speak 
cfefinitely  against  a  genetic  relationship  between  platelets  and  red  blood-cells. 

They  are  found  in  normal  blood,  but  in  great  abundance  only  under  pathological 
conditions.  Withou;  doubt  they  have  an  important  relation  to  the  coagulation  of  the 
blood.  Barker,  who  does  not  regard  the  blood-plates  as  disintegration  products  of  the 
red  blood-cells  but  as  independent  formations,  is  of  the  opinion  that  coagulation  is 
dep>endent  upon  the  typical  disintegration  of  the  blood-plates,  so  that  the  nbrin-mass 
which  is  ultimately  formed  depends  directly  upon  the  mass  of  disintegrating  blood-plates. 

Morawitz  regards  the  blood-plates  as  independent  cells  {Deetjen,  Deckhuyzen^ 
Kopsch).  According  to  him,  they  contain  thrombogen  and  thrombokinase.  and  it  is 
possible  therefore  to  produce  coagulation  with  the  blood-plates  alone  without  the 
addition  of  leucocytes  or  of  lymph.  Thrombogen  arises  probably  from  the  blood-plates 
alone.  The  white  blood-cells  probably  contain  no  thrombogen,  but  only  thrombokinase ^ 
which  is  probably  produced  by  a  great  variety  of  cells. 

At  the  present  time  no  pathological  significance  can  be  attached  to  an  increase  or 
decrease  in  the  number  of  the  blood-plates.  It  has  been  stated  that  they  are  increased 
in  leukaemia,  afebrile  ana»mias,  and  after  haemorrhage,  and  decreased  in  febrile  con- 
ditions and  in  various  intoxications.  The  failure  to  fix  any  definite  normal  standard 
(their  number  being  estimated  by  various  authors  as  100.000-500,000)  does  not  favor 
their  numerical  estimation  as  an  aid  in  diagnosis. 

.1.  Schmidt,  in  his  work  on  the  blood,  published  in  1892,  in  which  he  collects  the 
results  of  many  years  of  study  on  the  coagulation  of  the  blood,  regards  the  fibrin- 
ferment  or  thrombin  as  a  cell-derivative,  which  arises  from  an  inactive  antecedent  sub- 
stance, prothrombin,  under  the  influence  of  certain  zj/moplastic  substances  which  are  also 
cell-derivatives.  He  likewise  regards  the  fibrinog*'nic  substance,  or  metaglobiiHn.  as  a 
product  of  the  disintegration  of  cellular  protoplasm.  Therefore,  the  substances  causing 
coagulation  as  well  as  those  producing  thrombosis  must  all  be  regarded  as  cell-deriva- 
tives, and  the  red  blood-cells  in  jHirticuhr  are  the  source  of  the  materials  of  coagulation. 

According  to  Pekelharing,  thrombin  is  a  calciujn  comjwund  of  prothrombin  which 
arises  from  the  cellular  elements  of  the  blood;  and  coagulation  consists  essentially  in 
the  fact  that  the  thrombin  carries  calcium  over  to  the  fibrinogen,  whereby  the  insoluble 
calcium  compound,  fibrin,  is  formed.  I  I  ammarsten,  on  the  contrary,  is  of  the  opinion 
that  calcium  is  carried  down  with  the  fibrinogen  only  as  o  cojitamination  and  lias  no  signifi- 
cance  in  the  change  of  fibrinogen  to  fibrin  in  the  presence  of  thrombin.  According  to 
him  the  calcium  salts  are  a  necessary  factor  only  for  the  change  of  jrrothrombin  into  thrombin. 

Accorduig  to  Schmiedeberg  and  Heubner,  there  occurs  in  coagulation  a  hydrolytic 
splitting  of  fibrinogen  into  fibrin  and  fib.nn-globulin. 

Agglutination-thrombi  occur  in  the  nonnal  mature  placenta,  and  are  important 
pathologically  in  placental  tuberculosis,  a  hyaline  agglutination-thrombus  occurring 
at  the  site  of  the  primary  lesion  of  the  syncytium  {Warthin,  Wollstein).  Similar 
thrombi  play  also  an  important  part  in  the  production  of  focal  necroses  (Pearce). 

According  to  Corin,  coagulation  occurs  in  the  blood  of  the  cadax^er  only  when  the  fer- 
ment was  present  in  the  blood  during  life,  and  the  extent  of  the  coagulation  is  dependent 
directly  upon  the  amount  of  ferment  contained  in  the  blood  during  life.  A  further 
formation  of  ferment  does  not  take  place  after  death,  on  the  other  hand,  it  is  probable 
that  there  is  formed  by  the  vessel-walls  a  body  inhibiting  coagulation.  Between  the 
blood  of  those  dying  suddenly  (strangulation)' and  that  of  individuals  dying  slowly 
there  is  onlv  a  relative  difference,  depending  upon  tlie  amount  of  ferment  present.  \ 
fluid  condition  of  the  blood  of  the  cadaver  can.  therefore,  be  of  no  significance  in  so  far 
as  the  diagnosis  of  the  manner  of  death  is  concerned. 
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I-'TO.. 21.  — Polypoid  heart  thrombi  firmly  tittachcrj  Ix'twpm  the  traht^ciila*  of  the  left  ven- 
trlde,  a,  Throajli'u-^  with  sjaoolh  surtacL";  b,  thromhiii*  wilh  open  cavity  of  ili*?j?f  aeratiun.  <Nata* 
ral  ?*ize. ) 


well  as  imder  certain  eoiKlitioiis  whieh  eaust*  a  slowing  or  stoppajje  of  the 
circiilatioo — as,  forexvmiide,  euiapre.ssion,  iiarn*wtiig,  t>r  dilatation  of  the 
vessels,  fatty  heart,  stenosis  and  insiitlieiency  of  the  valvular  orifieea, 
ete.  Pei'foratio^  wounds  of  the  vess**ls,  erushiu^  of  the  vessel-wall^  and 
laeeration  of  the  iutnna  leatl  likewise^  to  the  foriuatituj  of  thrombi;  and 
thrumbotie  preeipitate^  are  forrued  also  upon  foreign  LM>dies  lying  in  the 
vessels,     Aceording  to  the  cause  of  the  injury  to  the  vessel -wall  there 
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may  be  distinguished:  traumatic^  infeetiom,  and  thermw  thrombi,  as  well 
as  those  produced  by  degenerative  changes  in  the  toaU,  foreign  bodies,  and 
tumor  proliferation.  Thrombi  occurring  in  enfeebled  individuals  with 
XK>or  circulation  (cardiac  weakness)  are  usually  designated  as  marasmic 
or  cachectic. 

Thrombi  maybe  classed  also  according  to  their  relation  to  the  vessel - 
lumen.     Thus  thrombi  attached  to  the  wall  of  the  heart  (Fig.  21,  a)  or 

blood-vessel  are  known  as  parietal 
thrombi,  those  situated  upon  the  valves 
of  the  heart  or  veins  (Fig.  22,  d)  are 
termed  valvular  thrombi.  In  both 
cases  the  thrombi  may  consist  only  of 
delicate,  translucent,  membranous,  hj^- 
aline  deposits;  but  are  often  thicker 
and  firmer  and  project  into  the  lumen 
of  the  heart  or  blood-vessels.  Their 
surface  often  shows  ribbed  elevations 
which  are  paler  than  the  other  portions. 
A  thrombus  completely  closing  the  lumen 
of  the  vessel  is  called  an  obturating 
thrombus  (Fig.  22,  a,  ft).  The  coagula 
first  formed  are  designated  as  primary 
or  autochthonous,  those  subsequently 
deposited  upon  these  as  induced  throm- 
bi. Through  growth  by  accretion  a  pa- 
rietal thrombus  may  become  changed  to 
an  obturating  one.  In  this  way  it  not 
infrequently  happens  that  upon  an  orig- 
inally white  or  mixed  thrombus  a  red 
one  (Fig.  22,  c)  is  formed;  the  throm- 
bosis at  the  beginning  occurring  in  cir- 
culating blood,  while  later,  after  the  clos- 
ing off  of  the  vessel,  the  blood  stands 
still  and  clots  en  masse.  The  reverse 
may  occur — that  is,  iii)on  a  thrombus 
originally  red  there  may  be  deposited 
white  or  mixed  coagula — when  a  red 
thrombus  obturating  a  vessel  becomes 
smaller  by  contraction,  and  thus  opens  up 
a  channel  for  the  free  passage  of  blood. 
Thrombi  may  occur  in  any  part  of  the  vascular  system.  In  the  heart 
they  are  formed  chiefly  in  the  auricular  appendages  and  in  the  intertra- 
becular  spaces,  as  well  as  upon  any  diseased  spot  (Fig.  21,  «)  in  the 
heart- wall.  They  begin  usually  in  the  deep  recesses  between  the  tra- 
becule, but  through  continual  accretions  they  form  larger  masses  of 
coagula  which  project  al>ove  the  surface  in  the  form  of  polypoid  masses 
(Fig.  21),  which  are  called  heart-polypi.  They  are  sometimes  more  or 
lees  spherical  in  shai)e,  with  a  broad  base;  at  other  times  they  are  more 
club-shaped;  their  surface  is  often  ril)l)ed.  In  rare  cases  large  spherical 
or  knobby  thrombi  may  become  loosened;  and,  in  case  they  cannot  pass 
the  ostium,  lie  free  in  the  corresponding  chamber  of  the  heart.  Such 
free  globular  thrombi  are  sometimes  seen  in  the  auricles  in  cases  of 
stenosisandinsufficiency  of  the  auriculo- ventricular  orifices,  but  they  are 
of  rare  occurrence.  After  their  detachment  they  may  increase  in  size 
10 


Fio.  22— Thrombo6ls  of  femoral  and 
sai^enous  v^efnx.  n,  h,  Obturatinir  mlxerl 
and  laminaUHl  ttaroinbus ;  c,  nni  thrombus 
Khowlnic  i»crlpheral  attachment;  (/,  throm- 
bus pn>trudfng  from  a  valve.  (Ileduced 
oDe-fourtb.) 
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thniygli  the  formation  of  new  deposits  of  lil)riii.  3Iiissl\s  of  eoa;;ol;i 
whieh  areilrposited  ujkhi  iiitiiuiied  valves  are  known  a.s  valvular  polypi. 
Parii*hil  and  valviiliir  polypi  uiay  lH*eoine  very  large  and  lill  iii>  a  larj^e 
part  of  the  lieart  **]iainhers. 

In  the  arterial  trunks  thn)aibi  may  occur  in  a  great  variety  of  plaeeK, 
parlieularly  iKvtiind    eonstrietionN  and    in  dilatations,     Deeasioi rally  in 
cacbecHie    iinlividuals   with    a    nineli  di^^enerated 
arterial  intiiaa,  jiarietal,  white,  or  mixed  throiabi, 
adherfMd  \n  the  sart'aee,  are  t'ui'iJUHl  in  the  aorta. 

In  the  veins  thmmlii  are  oeeasionally  fr>rnied 
ill  lilt'  puekels  of  the  valves  (Fig.  22,  tl),  from 
whieh  they  may  gradually  protrnde  aitd  develop 
into  ohUiratiug  thrombi.  Often  a  ihroiulms  may 
grow  from  a  wmallei"  vein  («),  where  it  wa.s  |>ri- 
mary.  into  the  lumen  t»f  a  largc»r  vein  (h),  Thns, 
for  fxaru]ile.  a  thromlju.s  ha\ing  its  origiTi  in  a 
small  \eiu  of  the  lower  extremities  may  liually 
grow  into  the  iuCerior  vena,  cava  and  rven  readi 
the  ht^ait.  Of  espet*ial  im)>ortaut't\  l>eeause  of 
the  resulting  lot-al  distnrhauees,  are  the  obtural 
lag  Ihriuiibi  of  the  femoral  veins,  the  renal  veins, 
the  siutis  id  the  dur:i  umter,  the  vena'  eavie,  and 
the  jiortal  veins. 

Thrombosis  in  the  smallest  vessels  is  most 
freijOi'idly  the  result  c>f  disease  (Kf  the  surnamd- 
ing  tissnes,  jKirttt^ularly  iu fret  ions  aud  toxic  iu- 
tlamiaatioiis  aud  neerolie  proeesses.  The  throm- 
bi foinu'd  are.  f<»r  the  greater  ptirt,  liyalims  ii^ 
their  eom[»osiliou  tlie  (*olorless  elements  of  the  red 
blond  eorpuseles  have  the  ehi(*f  share,  fusing  to- 
gether into  a  horm>gene«His  mass.  Xevertheless, 
it  luay  he  deuumstraled  fieeasioually,  ]>y  nieaus 
of  iu'i»per  teehnii(ue  (W'eigert's staining  no'thod). 
that  ihevulst)  euutain  thready  tibriu,  Tliroudii 
of  suuiller  V  esst^lsoeenr  also  iifter  burns  *if  1  he  sivin 
(Klehs,  Welti,  SiltK-rmaun)  iiud  often  iu  ea,s(*s  of 
IMUsonitig — for  example,  witli  eorn>sive  sublimate 
I  Kaulmann  ) — ami  are  found  espeeially  iu  the 
suiallei-  vessi*ls  of  the  lung.  They  frefjnently 
oeenr    in    luemorrhagie    infarcts   (Fig.    13,    ff,), 

Tlirond>i  originating  in  the  eaf>i Maries  nuiy  deveh>i>  also  into  the  elTereut 
veins,  partly  Uiv  the  reason  that  throngli  the  obturation  of  numerous 
eapillarii'S  the  blo<»d  tluws  moie  shiwly  into  the  veins,  partly  also  f(u* 
fhe  reason  tliat  disintegrating-  n»d  (*ells  and  blood -plates  pa>ss  itdr)  the 
veins  in  hrrge  nnml>ers. 

Tlie  first  deposits  in  the  formation  of  a  pariehil  thruudujs  eonsist  of 
delicate,  translucent,  or  whitish  layers.  The  fully  formed  thrombus  is 
a  rather  firm,  dry  mass,  tirudy  adherent  tt»  the  inner  surface  of  the  ves- 
sel or  heart,  and  in  color  and  structure  varying  according  to  the  con- 
ditions mentioned  al>ove.  Thrombi,  oi'igiually  soft  and  uunst,  undergo 
in  time  a  lu^oeess  of  contractiont  and  thereby  become  tirmer  aud  more 
dry^  By  unsjusof  such  contraction  \  ess«*ls  t^osed  liy  olvfurating  thromlu 
may  again  become  oi^ened  for  the  pftssage  of  the  blood. 


Fin.  ts**  —  Ronmlns  of  a 
thrombu*  of  tht*  rlirtil  feniond 
vein  ocnirrtug  thntH*  vearsi 
Iw'ftire  di'iiUi.  rt,  ohllU'rutwJ 
p^irlkm  or  the  vdii  Uhe  ris'hl 
rmdmion  lllm*  iirtf  ry  whk  nlm 

Uvp-tisi*m<'  rniirAs  in  the  lU- 
fulhji  of  I  bo  v«^ln  and  liB 
bniin'ht's;  r ,  fri'sli  tbrtrmbusi. 


BEQtTF.L.E    OF   THRO!\lB()HT8. 

Ill  c;ise  of  imirked  t*initnM!tion,  the  fibrin,   bliiod- plates,  and  the  v^d 
blixKl-cell8  mux  h*nn>iiK*  chiiii^tMl  into  ii  firiii  inMSS,  whirli  in;iv  i  eiaiiiii  in 


■^'■:>^V. 


I Uy fflK' -^Sv*^  ■  ':^^u;^  — .\>u^* /^--v -iis^^/: ^..:':<f:>^S 


ivv.^v 


kTic;.  *<^t.— ObIltf*^atl*^n  of  n  pulmonary  iirttTy  by  rntiiHH  live  tlssuo  iiftfr  ♦*inb(t)jp  niui^ginir  oT  ItM  lum<'n. 
lller'^  f)ulit.  IhPtitutoAVHn.  andeotn.)    it.  Artery  wuli ;  b,  i-oiuiwtlve  tlwiUf  iJllW  I'J^'  vesatH-lutuiMi  ; 

t^l^iii  condiUon  ftir  ji  lon^i  limr,  lirrnnu*  fninly  adhiM'i^iit  to  tlic  vesstd-wull. 
*^»»d  tiiially  iiitder^tp  calcification.  Tliis  may  <K'cur  in  both  valvnhir 
**^«^;irl-lhri>iiibi  and  tliniuibi  liK'ated  iii  tlic  M'ssf*ls,  Tlir  rlialky  c*<jiii*n*- 
^•^^uiis  fonur<i  ill  tjiis  iiianiii^r  in  the  veins  are  knuwii  as  phleboliths ; 
*l^ose  »ieeurriu<^  more  rarely  in  the  aj1i*rirs  iis  arterioliths. 

Contraction  and  ealeifieathin  are  n*la1ivrly  Tavoralile  .seqtiehi?  of 
^  '^  romliosits,  Jlnt^h  h*ss  favi>ral>h^  arr  thi^  neire  l>et|nenl  inneess*\s  of  de- 
^^j^iM*rarii»n  oernnin^  in  thrombi,  whirh  are  known  as  simple  and  as  pari- 

S"-  ^  form   fir  yellow  septic  soflenin^.      In 

^      ^    \  jf^b         rfJi      simple  softening !h**et*nh III  portion  of 

tr  vl         fm  W         '^'^^  tlinnjihns  biH*omes  changed  into  a 

^.^^^^    W       /M  Ml  ;4niyish-!V(l,  <^r  gray,  or  grayish  white 

gninious   inass»    rcmsistin^   of  disinte- 

I~  ^3^^       l^B^^^^^^tf-  ?;rah'd  and  stirnnken    reti    coij^nseles, 

V^P^      ^BP  ^/  pigment  ^ra II nh%  and  colorless,  gi-an- 

\^K  ^^^  9  nlar  drl»ris.      If  the  siiflenin^  exirnds 

I^K-  WR--f/-«-  *^^  ^^*^*  snpei'ficial  layers,  and  if  lln^re  is 

/Hp  ^sff  7  '^^  ^^''^  Siinie  time  a  reHain  strengtli  of 

^1^^  ^f-Jl  blood-cnrrent  in  the   neighlxn'hood  of 

Iw^MkWsk.  7  **^*^  thrombus,  the   prmhaHs  t^f  disin- 

*    '^^'^*  '^*  tegralion  may  be  swepi   along  into  the 

c  i  I'c  n  1  a  t  i  <  o  I .  It'  1 1  n^  r  * '  1  *y  1  a  i  g*^  i '  { >  i  e(*e8 
bi^come  loosened  and  iransixnted  by 
the  blood  st ream,  arterial  rrnholi  will 
lie  prod  nerd  (sm'  Fig.  2l 

In  \hv  yellow  puriform  or  septic 

softeninj^  the  thromlnis   Ineaks  down 

into   a   yellow,    or  grayish -yi^llow.    f*r 

itddisL -yellow,  pna-Uke,  gruaious,  cix?amy,   and  at  times   foul -smelling^ 

mass,  consisting  of  pns-corpnsrlrs  and  a  large  amount  of  finely  grannlar 

substance,  composi^d  of  fatty  and  albuniimnus  detritus  and  mieiH>eofei. 


Tia.  2&,    RffroaJns  of  enilxtth-  [itugH  In  a 
llirh    tif    t\ir    tmlni'iiiiti  V    >4r1.'rv.       *f.   Toil- 

r>v  ..(UK 

:    ■        ^    '  ■    iM:) 
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This  mass  acta  as  a  destructive  irritant  upon  the  siirroiiii(ling  tiasiie!?, 
t^nvitjg  rise  toijiflammation.  Asa  result  the  iiitima  l)eefinies eUxidy,  and 
there  arises  a  purulent  iuflamiiiatitm  in  the  media  aud  adveuHtia,  as 
well  as  in  the  tissues  about  the  vessel*  After  a  sh*u't  time  all  tlie  vascu- 
lar et)ats  ljc*come  inliltrated  aud  i)reseut  a  diily-yellow  or  ^i*ayish-yellow 
appearau(!e.  A  suppurative  destruction  of  tlie  tissues  lir>ally  results. 
If  puriform  massifs  are  trauvsported  by  the  blood- stream  to  other  parts 
of  the  vaseular  system,  they  will  f!:ive  rise  to  metastatic  foei  of  ueci'osis 
and  septic  disiutegmtiivn  of  the  tissues,  and  purulent  iullammation,  iu< 
volving  not  only  the  vess4d  wall  but  also  the  nei<rliburi!i^^  tissues. 

The  process  of  puriform  st>ftenin^  of  a  venous  or  arterial  thrond^us, 
associsitod  Avilh  a  purulent  intiltnition  uf  the  vessel  wall,  is  desi|;iiatetl 
ttirombophJebitis  purulenta  *jr  thromlM) -arteritis  puralenta.  The  iu* 
ilauunation  of  the  vt^ssel- wall  may  take  its  stitrt  either  in  the  softeuiug 
throudius  or  in  the  tissues  adjacent  to  the  vesseL     In  the  latter  case  the 


*^C-t"  ^C>" 


^^'Ji 


^  ^^-^^^^  f  J 


Vm.  gfi.— EmlKillsi!!  of  an  Intestinnl  ari^r)%  wHh  siippiininve  imei1t»».  i»mtKtlit^  un«^umui,  aud  \ivr\- 
rsrti-rlHl*  metiistaUc  abscav.  (aUxjUoL  futtistn.)  fi,  b.  c,  rJ,  t^,  I^ivt^ra  of  Hit*  ititt^fitloiiJ  wall ;  f,  urtnry  wall; 
i;*  i*mtM>iiifi,  siimjuridetl  bvpu»i-+'iinmM'lej».  lyviu  m  tht-  iltli*t*^l  nruTj  wbUh  l«  imitIIv dt'stiviytMl  by  »tit>iittr«' 
Ooii;  /^  piir1(>t»l  tiirxtmbuji;  i,   iwrtiAriHrliil  piim.eul  liidluutiuu  ol  the  !!<iubiuiioijt;u';  /,:,  vHite  Kitrgt^ti  wltli 


softening  of  the  thrombus  is  coincident  with  tlie  inflammation  of  the  ves- 
sei'Wall  or  elst3  follows  it.  These  proces.st\s  occur  umst  frequently  in  the 
neighborhood  of  purulent  foci. 

The  most  favorable  stMpiela  of  thrombosis  is  the  organization  of  the 
thrombus — that  is,  a  substitution  of  the  thrombus  by  vascularized 
connective  tissue. 

The  new  eojuiective  tissue  deveh)ps  from  ttie  |irolifcridin^M'ells  of  the 
vessel-wall,  and  all  tiie  coats  of  the  ^  essc^l  niny  lake  ]»art  iu  the  prolifer- 
alituL  The  thiomlms  UstAf  lakes  no  part  in  tlie  orpinizatiou ;  it  is  a 
dead  mass  whicli  excites  intlammatiiui  iu  I  he  surrounding  tissues.  In 
the  course^  of  time  the  dead  thromlnis-mass  is  replaced  by  vascularized 
connective  tissue    (Fig*  24,  b,  c,  d). 
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The  cicatricial  tissue  formed  in  the  place  of  the  thrombus  contracts 
more  or  less  in  the  course  of  time.  The  cicatrices  formed  after  ligation 
may  thus  become  very  small.  Such  a  cicatrix  in  the  continuity  of  a  ves- 
sel may  later  appear  simply  as  a  thickening  of  the  vessel-wall,  or  there 
may  remain  only  threads  and  trabeculsB  (Fig.  23,  hj  c,  d),  which  cross 
the  lumen  of  the  thrombosed  vessel,  so  that  the  blood-stream  can  once 
more  pass  the  aflTected  spot.  Not  infrequently  the  connective-tissue 
strands  crossing  the  vessel  cause  a  marked  narrowing  of  the  lumen ;  or 
the  vessel  may  become  completely  obliterated  (Fig.  23,  a),  so  that  the 
vessel  for  a  greater  or  less  distance  becomes  converted  into  a  solid  fibrous 
cord. 

The  pieces  broken  loose  from  a  thrombus  and  carried  into  an  artery 
and  there  lodged — ^that  is,  emboli — generally  induce  new  deposits  of 
ifibrin  upon  their  surface.  Later  they  undergo  the  same  changes  as 
thrombi,  and  may  either  soften,  or  contract  (Fig.  26,  a),  or  become  calci- 
:fied.  If  the  emboli  are  non-infective  they  usually  become  replaced  by 
Tascular  connective  tissue  (Fig.  24,  b,  c). 

In  many  cases  the  new-formation  of  connective  tissue  leads  to  the  ob- 
literation of  the  artery  (Fig.  24).  In  other  cases  in  the  place  of  the  em- 
l)olus  there  is  developed  only  a  ridge  of  connective  tissue  or  a  nodular  or 
:flat  thickening  of  the  intima.  In  still  other  cases  the  lumen  of  the  vessel 
is  traversed  by  strands  of  connective  tissue  (Fig.  25,  h),  which  either  run 
separately  or^  interlacing,  form  a  fine-  or  coarse-meshed  network. 

If  pyogenic  organisms  are  present  in  the  emboli,  as  is  very  likely  to 
te  the  case  when  the  emboli  arise  from  a  thrombus  lying  in  a  suppurat- 
ing focus,  there  is  produced  a  purulent  process  (Fig.  26,  i)  at  the  site  of 
"the  embolus  (Fig.  26,  g),  and  occasionally  ulceration  also. 
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1891*  (Lit, ). 


§  40.  As  stasis  or  stagnation  of  the  blood  is  ile.sijnjnated  a  stoppage 
of  the  t'ireuhitiyii  without  caaf!:i]hitioii,  in  which  condition  the  red  blooil- 
ct^lls  are  so  cU>st^ly  prcss^Ml  tugotber  lliat  the  siiiall  vessels  appear  filled 


M^'^.' 


m 


"^^mm 


<^^ 


&^\i>! 


■-^■r 


FIG*  37  — CoHKe^tlve  gtoata  In  the  vmsels  of  tlie  *»or!um  and  paivtlls^  of  tbe  pliiiitnr  »urfar«>  of  the 
toes  from  II  man  dylni?  of  valvuljip dlstitiMiN  tuniri  fuJhir^,  aud  urttTiiisilenwls,  (MiiUer's  Uuld,  alum  cw- 
lolne.)    Tous  preaentt^  b  deep  vlolut  mlur,  nnd  bet^innlnM  gangrene*    X  Sa 


witli  a  rfHl  masH  of  blood,  in  which  the  outlines  of  the  individual  red 
blood-cells  cannot  be  distinguished  ( Fi^.  U7  )*  The  cjiuse  of  this  condi- 
lion  lies  most  fieqneotly  in  the  oeeurrence  of  a  inarke*!  jMiJ?,?irf  congefttion. 
When  the  blood  enterinii:  iirlo  a  certain  tissne-arca  finds  no  avenue  of 
exit,  the  cireulation  in  the  small  veins  and  capillaries,  and  even  in  the 
smallest  afl'er*^nt  itrtt^ial  bi'anclies,  eonies  to  a  permanent  standstill. 
Since  from  ilie  arterii^s  there  euiue  with  every  pnlst^- wave  fresh  niassesof 
blinid  to  the  conj^ested  area,  the  capillaries  and  veins  Ix^conic  nton^  and 
more  distended  and  the  pressure  within  thes*^  risers  tc»  the  hei^lil  of  that 
at  the  point  of  divei"|^ence  of  the  nearest  ]>(*i'mi*able  artery.  In  this  way 
a  large  poiiitm  of  the  Hiiids  of  I  he  Idood  are  lucssiHl  out  of  the  capillaries 
and  veins,  and  as  {i  result  of  this  the  red  blood-cells  become  so  clost4y 
pa4"ked  together  that  their  contours  are  no  longer  disHnguishalde,  and 
the  total  contentii  of  the  vessel  form  a  homogeneous,  scarlet 'i\»d  column 
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(Fig.  27).  The  red  blood-cells,  however,  are  not  fused  together ;  as  soon 
as  the  hindrance  to  the  outflow  is  removed  and  the  circulation  restored, 
the  individual  corpuscles  become  once  more  separated  from  one  another. 
Stasis  may  be  caused  by  many  injurious  influences  which  aflfect  the 
vessel-wall  and  the  blood  itself.  Thus,  for  example,  heat  and  cM,  irri- 
tdUUm  wUh  acids  and  alkalies,  action  of  concentrated  solutions  of  sugar  and  salt, 
action  of  chloroform^  alcohol,  etc.,  cause  stasis.  These  injurious  agents  act 
in  the  first  place  by  abstracting  water  from  the  blood  and  vessel-walls, 
and  further  by  producing  essential  changes  in  the  composition  of  the 
blood-corpuscles,  blood-plasma,  and  vessel-walls;  so  that  the  red  cells 
become  less  mobile  and  the  vessel-walls  come  to  offer  increased  frictional 
resistance  to  the  blood-stream,  and  at  the  same  time  to  permit  the  fluid 
IHirtions  of  the  blood  to  pass  through  them  the  more  readily.  Stasis 
may  also  be  produced  by  loss  of  water  and  drying  of  the  tissues,  an  event 
which  may  occur,  for  example,  in  injuries  which  lay  bare  tissues  lying 
within  the  body  (intestine). 
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IV.  (Edema. 

§  41.  The  free  fluid  which  i)ermeates  the  tissues  is  essentially  a  tran- 
sudate from  the  blood,  though  under  certain  conditions  a  portion  of  the 
tissue-fluids  contained  in  the  cells  and  fibres  may  also  pass  over  into  the 
free  lymph.  The  passage  of  fluid  from  the  vessels  is  in  part  a  process  of 
filtration  and  in  part  is  to  be  regarded  as  of  the  nature  of  a  secretion, 
accomplished  by  means  of  a  specific  function  of  the  capillary  walls. 
The  fluid  secreted  by  the  capillaries  mingles  with  the  products  of  metabo- 
lism in  the  tissues,  and  is  taken  up  from  the  tissue-spaces  by  means  of 
the  lymph -vessels,  and  through  the  thoracic  duct  is  again  returned  to  the 
venous  blood. 

Every  increase  in  the  transudation  of  the  fluids  of  the  blood  causes 
first  a  more  marked  saturation  of  the  tissues,  which  may  be  compensated 
for  by  an  increased  absorption  through  the  lymph-vessels.  This  com- 
pensation has,  howeter,  its  limits ;  with  increased  transudation  from  the 
blood-vessels  there  is  produced  a  more  or  less  permanent  over-saturation 
of  the  tissues  with  the  transuded  fluids. 

The  condition  which  is  produced  by  this  collection  of  fluids  in  the  tis- 
sues is  known  as  dropsy,  oedema,  or  hydrops.  According  to  the  extent 
of  the  condition  there  may  be  distinguished  a  general  and  a  localized  hy- 
drops. An  oedema  extending  over  the  superficial  portions  of  the  body  is 
known  as  anasarca  or  hyposarca. 

The  trawmdate  frojn  the  blood  which  conHtitutrs  the  wdema  or  the  hydrops 
is  always  much  poorer  in  albumin  than  the  hlmkhplffttma.  The  fluid  collects 
at  first  in  the  tissue-spjices  as  freetissue-fuid -pushing  apart  the  tissue- 
elements  (Fig.  28,  b) J  but  may  also  soak  into  the  tissue-elements  themselves 
aud  cause  a  swelling  of  the  cells  and  fibres,  and,  under  certain  conditions, 
the  formation  of  vacuoles  (Fig.  29),  due  to  the  collection  of  drops  of 
fluid  in  the  cells  or  their  derivatives. 

This  may  be  most  frequently  demonstnited  in  the  epithelium  of  the 
body-surfaces  and  of  glands,  but  becomes  at  times  distinctly  evident  in 
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lithi^r  tissiieeleiiH^iils — forexiuu[ile,  in  i'nijinH'tivi*-t  issue  cells  i\tr1  imisele- 
tibres  (Fif^s.  21*  mid  :iO  ),  whost^  tilnilhc  Ix^ccnue  luislitMl  ai>art  bv  tirops  of 
fluid.     Monn>vt*r,  it  <it"(iMi  happens  in  (edematous  tiHsiies  that   cells  be- 
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Fin.  2*<,— Stasii*'(i<ii*m!i  ttf  the  pnpillary  bmlie*  of  tlu*  skin  cif  Ui*'  h-e  from  a  caM;'  of  raiirul 
8U*nosis.     (Iv.  Zic'jfler.  L  cM.   /j,  LymphtKvles;   ft.  connwUve  tissiHf  ftbrillsc  witli  «IUj  t%  red  blocwl- 


(mhiu*  l(u>seTied  rrtJiii   their  hasc^meiit 
and  serous  iiieiiihraiies,  M'hero  the 
]*e  inixKl  Avitlilhi*  fluid.      In  eedeiu 
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Fig.  2t>.  — Hvdrapic  con nertht'- tissue  e(*U( 
tllbcutmnoous  tissue  of  a  cum*  nf  cliroiiie  oe^Jc 
IfeMis.     (K.  ZIe^J<.T.  1.  c/>.     X  400. 


lui^mhraiie,  iKiflieularly  in  the  lungs 
ei>ithelial  e^'lls  in  laifi;e  nund)er  may 
a  of  llie  skill,  tlie  rjddeJinis  (Fig,  \\\  ) 
may  h<-  separate<I  and  lifted 
up  fi'oni  llu-  |)apilhiry  bod- 
ies, wliile  al  tlje  same  time 
tlie  lihrilhe  \\i  the  latler  are 
pushed  aparL 

Tissn4's  which  are  the 
8ea  t  n  f  \  V  ( h^  1  a  a  a]  *]>ea  r  s  w  < » 1  - 
l4*n,  thoa^di  the  decree  of 
swelling  dejveuds  ess*M»tially 
upon  the  structure  of  the 
afleeted  tissne,  Tlie  skin 
ami  the  suheutanenus  tis- 
sue are  aide  to  take  up  into 
their  lymph  •  spaces  hiige 
ipiaulities  k\{  fluid,  so  that 
an  extremity  may  become 
eiiornn>nsly  swollen  thnnigh 
aHlema.  In  this  coudifioii 
it  is  pale»  possesses  a  d*>ughy 
from  the  consisteuce,  and  pits  on 
^"  ^"'-^  *"  pressnre.      On    xncisiou    an 
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abundam*e  of  dtnir  fluid  es<ra|>4^s.  sliowiii^^  thv  lissui^s  In  biHiuHouglily 
Hatunttt^l  Willi  fluid 

T I H '  hi  H^^  I N  *  h  J I  \  PS  i  1 1  ;  I  si  I  nJ  I  u  r  \\  ii  y . 
cannot  lw»ruui**  ^n^Mlly  disteiidrtl,  hut  it  vi 
!i«'s  (ilJ<*tl   vvilli  jiir,   whit-li,   in   tht* 
ad%**»ut   of  crdi*maT    bt^i'^JiiH*    filial       — ^^ 
mith     fluid,      whieh    on    pit\ssiiru 
es4*4i pes  from  tlit*  cut  surfat'c,  ^ni- 
enilly  niiugliHi  with  air  bubliles. 

(rMt*iii;itoiis  swt*l  lilies  of  tbo 
kiilury,  wliii4i  tiiiiy  l»iu*oiijc  v<*ry 
marked,  ure  eiiiis«^'d  rsiHH'iiilly  by 
the  n*triflioii  iu  tlie  dibilrd  nriii 
ary  tubules  of  tbe  wiiler  of  thr 
urine*    M^rrrtrd    hy    tbr  j^lHiiu'riib, 

III  the  cooncrtive  tissue  between  tlie  lulndes  lai'fire  iiiiioiiiils  of  tluid  eol- 
ItH't  but  ruivly. 

The  aintmnt  of  lilood  eutituined  in  irdeinnlous  tissues  is  viuial)le,  and 
their  eokir  varies  aeeoidin^^ly; 

Bndy-ea\  ities  wbieli  are  the  st^at  of  a  dropsical  efl'usion  contain  at  one 
tune  a  huxe,  at  another  tiim^  laily  a  small  amount  of  a  tdeai;  usually 


Uwinji:  to  its  limited  space  it 
uitaiiis  gr^at  numbers  of  cavi- 
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hui.  aj.— Luntrilutllniil  (»efU«>n  of  MMleiniil^fU* 
*nu»tiJiviibrw»  froio  m*^  ovdt  loiUMijes  in  a  ease  of 
chniiik-  oedema  of  ttie  liigs.  (Flemmlujy'a  floiuUoD, 
Hafruulii.)     X  45. 
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Tjc*,  31.— luflummiitorv  iHilcmji  of  xhv  papillfiry  Ijodies,  with  Hevutlon  of  ihe  epiilermt*  from 
til*"  LiApltUry  bodies  by  on  UinHiiimiitory  extiilate/froin  a  case  of  jiliK'Kmon  of  tUt-  Llilgli.  (.K. 
Zi«^U'«  L  c.  X     «i,  Carltim;    b,  exuJute  caiisistinif  of  fluid,    flbriu    ami    Itueocyies.     X  40. 

Hirhl  yelb^w,  rarely  <|ui*c  colorless,  alkaline  fluid,  winch  at  tiun^s  con- 
tains a  few  tibriu  tlakcs  {s^^e  tliccliaptcr  ou  Itillaiinnattoti )  roininess- 
ihle  orjraus  are  eoui pressed  liy  the  eflnsion  ;  the  boily-c^avities  ww  dilated. 

A  collection  id'  tbiid  in  tht*  abibvminal  cavity  is  known  as  ascites. 

Tlie  aibuiniii-content  of  pure  transudates  is  not  lhes;unein  all  the 
b<Hjy*e4ivitit*s  ami  tissues,  but  difl'ers  in  a  luouounced  de^n'oe.  AeciUTr 
iUff  to  lieuss»  the  albntuiu  content  of  transuilations  of  the  pleura  is  *J2,r> 
|>ro  miUe ;  that  of  tlie  ]>erii*ardiurn,  LS.;{;  uf  the  peritoneum.  IIJ  ;  of 
the  subcutaneous  connect ivt*  tissue,  TkH;  of  the  ca\  ities  of  tlie  brain  ami 
spinal  cord,  K4.  Thi»s4' facts  may  be  taken  as  a  pro<if  ot  thedilTerent 
eoiu«tituli<u}  of  the  vessel  walls  in  tlie  various  tissues  td*  llie  bod\. 

Tlitf  ^laUTof  llie  organs  aud  tissues,  nccordiug  to  nthitnhain  ("  Versuolii*  ami  Fra- 
jjrn  zur  Lnhro  vna  diT  I^yniphhiliiuMg."  Arrh.  /.  rf.  aen.  Phy^,,  40  B«J.,  I'^Ol,  loid  Vtrli. 
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dcsX.  iDternat.  med.  Cong.,  ii.,  Berlin,  1891)  consists  of  three  parts— Uie  water  of  tlie 
blood  present,  the  lymph  of  the  organ  under  consideration,  and  the  water  contained  in 
the  cells  and  fibres— the  tissue-water.  Under  certain  conditions  the  last-mentioned 
may  undergo  considerable  variation,  and  can  increase  at  the  expense  of  the  free  water 
of  the  blood  or  lymph,  or  diminish  in  their  favor. 

If  the  proportion  of  crystalloid  substances  (urea,  sugar,  salts)  in  the  blood  be  in- 
creased, both  the  blood  and  lymph  become  at  the  same  time  richer  in  water;  and  this 
is  i)ossible  only  in  that  the  substances  injected  into  the  blood  pass  into  the  lymphatics, 
and,  by  their  aflJnity  for  the  tissue-water,  excite  a  passage  of  water  from  the  tissue- 
elements.  The  rapid  pa.<»siige  of  the  crystalloid  substances  from  the  blood  into  the 
lymph  is  accomplished  with  the  aid  of  a  force  inherent  in  the  capillary  cells,  and  is  not 
a  simple  diffusion-phenomenon.  This  is  evident  by  the  fact  that  the  content  of  the 
lymph  in  sugar  or  salts  is  often  greater  than  that  of  the  blood. 

§  42.  According  to  theii  etiology  we  may  distinguish  five  varieties 
of  oedema  :  oedema  due  to  aHerial  congestion ;  oedema  from  gtugnafwn  of 
the  blood;  oedema  earned  by  a  hindrance  to  th^  outflow  of  the  lymph;  oedema 
canned  by  disturbance  of  the  capUlary  necretion  due  to  changes  in  tlie  capil- 
lary walls;  and  wdema  ex  rmcuo.  The  fourth  one  of  these  vjirieties  is 
designated  by  the  practising  physician  as  inflammatory,  hydrfemi<*  or 
cachectic,  or  neuropathic  (edema,  according  to  the  clinical  features  of 
the  case. 

(Edema  due  to  arterial  cons^estion  occurs  acutely  in  localized  areiis, 
in  the  skin  and  subcutaneous  tissue,  mucous  membranes,  larynx,  bronchi 
(asthma),  nos^s  periosteum,  and  muscles  (fleeting  rheiuuatic  pains),  and 
has  usually  a  neurotic  character.  In  individuals  showing  the  tendency  in 
a  marked  degree,  bulla?  may  even  be  fonned  in  the  skin. 

CEdema  due  to  stag^nation  of  tlie  blood  arises  when,  its  a  result  of 
the  marked  hindrance  to  the  outflow  of  blood  from  the  capillaries,  the 
pressure  in  the  capillaries  rises  and  the  fluid  portion  of  the  blood  seeks 
a  lateral  outlet,  so  that  an  increasc*d  amount  of  fluid  escapes  from  the  ves- 
sels. The  amount  of  the  escaped  fluid  is  the  larger  the  greater  the  de- 
gree of  discrepancy  between  inflow  and  outflow ;  it  is  therefore  increased 
through  a  coincident  increase  of  the  blood  inflow. 

The  escaping  fluid  is  always  poor  in  albumin,  but  with  inci'eased 
pressure  in  the  veins  the  albumin-content  is  increased  (Senator);  the 
fluid  contains  lymphocytes  (K.  Ziegler)  and  red  blood-cells,  the  number 
l)eing  increasc^d  in  j)rop()ition  to  the  dc^gree  of  stagnation. 

The  immediate  result  of  an  increased  transudation  from  the  blood- 
vessels is  an  increase  in  the  lymph-flow,  and  this  may  be  sufficient  to 
carry  olf  all  the  fluid.  If  it  does  not  so  suflice,  the  fluid  collects  in  the 
tissue-spaces  and  there  results  the  condition  of  stagnation-oedema  or 
dropsy.  According  to  Liinderer,  this  occuri^nce  is  favored  especially  by 
the  fact  that  the  elasticity  of  the  tissues  becomes  diminished  as  the  result 
of  the  long-continued  increase  of  the  pressure  to  which  they  are  sub- 
jected. In  chronic  oedema  of  long  standing  the  lymphocytes  in  part 
undergo  ])rogressive  changes  and  are  transformed  into  the  cells  known 
as  klasmatocytes,  ])lasma-cells,  and  mast-cells  (K.  Ziegler). 

Obstruction  to  the  outflow  of  lymph,  as  experiments  in  this  direc- 
tion have  shown,  is  not  ordinarily  followed  by  (edema.  The  lymph- 
vessels  in  the  diff'erent  regions  of  the  body  posst^ss  such  extensive  auiis- 
tomoses  that  an  obstructi<m  to  the  outflow  of  lymph  does  not  readily  occur. 
Even  when  all  of  the  lymph-channels  of  an  extremity  are  obstructed,  if 
the  annmnt  of  lymph  formed  is  normal  there  lesnlts  no  oedema,  inas- 
much as  the  blood- v(\ss<'ls  aie  able  to  take  up  the  lymph  again.  Only  the 
occlnftioH  of  the  thoracic  duet  is  likely  to  lead  to  a  stagnation  of  the  lyuiph 
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and  the  production  of  oedema,  particularly  of  ascites,  but  it  must  be 
observed  that  even  in  this  case  collateral  channels  may  be  opeued  up  and 
suffice  to  carry  oflp  the  lymph. 

Although  lymphatic  obstruction  is  not  ordinarily  sufficient  in  itself 
to  produce  oedema,  yet  it  does  increase  an  oedema  caused  by  an  increased 
transudation  from  the  blood-vessels. 

Patholosrical  chansres  in  the  walls  of  the  capillaries  and  veins  of 
such  a  nature  as  to  cause  an  increase  in  the  vascular  secretion,  and 
thereby  give  rise  to  an  o^ema,  may  occur  as  the  result  of  a  long-con- 
iinued piissive  congestion  and  the  consequent  imperfect  renewal  of  the  blood. 
8uch  changes  occur,  however,  much  more  frequently  as  the  result  of 
prolonged  ischcemia^  lack  of  oxygeUj  action  of  high  or  low  temperatures,  trau- 
nuttic  injut^y,  tlie  development  of  tumors  (especially  in  the  serous  mem- 
branes), iftfection,  and  intoxication.  It  is  also  probable  that  either  irrita- 
tion or  paralysis  of  the  vasomotor  nerves  may  lead  to  an  increase  of  the 
vascular  secretion.  Just  what  changes  the  vessels  suffer  under  these  con- 
ditions we  are  not  able  to  state  precisely,  but  it  may  be  assumed  that 
some  alteration  of  the  endothelial  cells  and  of  the  cement-substance  plays 
the  chief  r6le  rendering  the  vessels  more  permeable.  The  oedemas  pro- 
duced by  the  influences  above  mentioned  may  be  classed  according  to 
their  cause  as  toxic,  infectious,  thermal,  traumatic,  ischcemic,  neuro- 
pathic, etc. ;  and  such  a  classification  has  much  to  commend  it.  Hith- 
erto the  forms  of  oedema  here  under  consideration,  with  the  exception  of 
the  neuropathic  forms,  have  been  classed  ordinarily  into  two  groups — 
namely,  inflammatory  and  cachectic  oedema. 

Inflammatory  oedema  is  without  doubt  to  be  referred  to  an  altera- 
tion of  the  vessel-wall,  and  occurs  both  iis  an  independent  affection,  in 
the  form  of  circumscribed  or  more  diffuse  swellings  and  hydropic  effu- 
sions, and  also  as  a  coincident  phenomenon  in  the  neighborhood  of  severe 
inflammatory  processes.  In  the  latter  case  it  is  frequently  designated 
collateral  oedema.  Inflammatory  oedema  is  distinguished  from  stiignation- 
tedema  by  the  fact  that  the  transuded  fluid  is  markedly  richer  in  albumin 
and  in  the  number  of  white  blood- corpiiscles  present,  and,  further,  in  the 
fact  that  larger  m<isses  of  coagula  (Fig.  31,  b)  occur  in  it  (see  chapter 
on  Inflammation).  Its  cause  is  to  be  sought  sometimes  in  infectious  and 
toxic,  sometimes  in  thermal  and  traumatic  influences,  at  other  times  in  a 
temporary  ischsemia. 

As  to  hydraemic  or  cachectic  oedema,  it  was  formerly  believed  that 
hydnemia — that  is,  the  diminution  of  the  solid  elements  of  the  blood — as 
well  as  hydnemic  plethora — that  is,  a  retention  of  water  in  the  blood — 
could  directly  canse  an  increased  transudation  from  the  blood-vessels. 
It  was  supposed  that  the  vessel-walls  behaved  as  dead  animal  mem- 
branes, and  allowed  a  fluid  poor  in  albumin  to  filter  through  more  easily 
than  one  richer  in  albumin.  The  vessel-wall  is  not,  however,  a  lifeless 
animal  membrane,  but  must  be  regarded  as  a  living  organ.  A  hydrje- 
mia  experimentally  produced  does  not,  according  to  Cohnheini,  give 
rise  to  an  oedema.  Even  when  a  hydrajmic  plethora  is  produced  by  the 
over-filling  of  the  blood-vessels  with  a  watered  blood,  and  there  results 
an  increa^d  transudation  from  the  vessels,  eventually  leading  to  (edema, 
the  oedema  so  produced  occurs  only  when  the  proportion  of  water  in  the 
blood  becomes  verj'  high,  and  does  not  develop  in  the  same  regions  where 
the  so-called  hydroemic  cedema  in  man  appears.  We  must  therefore  as- 
sume that  the  oedema  of  cachectic  individuals,  a«  well  as  that  occurring 
in  individuals  suffering  from  nephritis  with  impairment  of  renal  func- 
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tioii,  depends  essentially  upon  an  alteration  of  the  vessd-icaU,  which  is 
caused  either  by  the  hydraemic  character  of  the  blood  or  by  a  poison  cir- 
culating in  the  blood.  Probably  other  lesions  of  the  tissue  through 
which  the  elasticity  of  the  latter  is  diminished  are  also  concerned.  By- 
dranmia  theraf  ore  favors  the  occurrence  of  wd^nna,  but  is  not  the  sole  cause 
thereof,  and,  in  particular,  does  not  determine  its  localization. 

Cachectic  oudema  is  in  part  allied  to  stagnation -oedema  and  in  part  t« 
inflammatory  cpdema,  in  that  at  one  time  the  circulatory  disturbance  is  a 
prominent  feature,  at  another  time  the  vascular  alteration. 

(Edema  ex  vacuo  occurs  chiefly  in  the  cranial  cavity  and  in  the  spinal 
cord,  and  arises  in  all  cases  in  which  a  portion  of  the  brain  or  spinal  cord 
is  lost  and  not  replaced  by  some  other  tissue.  In  atrophy  of  the  brain 
and  spinal  cord  the  subarachnoidal  spaces  in  particular  become  enlarged, 
occasionally  the  ventricles  also.  The  fluid  has  the  same  albumin  content 
as  the-normal  cerebrospinal  fluid.  Local  defects  become  filled  either  by 
a  dilatation  of  the  nearest  subarachnoidal  spaces  or  of  the  adjacent  por- 
tions of  the  ventricles,  or  through  a  collection  of  fluid  at  the  site  of  the 
defect  itself. 

According  to  Cohnheim  and  Lichtheim,  injections  of  aqueous  solutions  of  salt  into 
the  vascular  system  of  dogs  {Virch.  Arcfi.,  69  Bd.)  show  that  hydraemia  does  not  pro- 
duce oedema.  If  the  mass  of  the  fluids  of  the  blood  be  increased,  there  results  an  in- 
crease of  almost  all  the  secretions  (saliva,  intestinal  juices,  bile,  urine,  etc.),  and  also  of 
the  flow  of  the  lymph ;  the  latter,  liowever,  not  universally,  in  particular  not  in  the 
extremities.  In  a  liigh  degree  of  hydrtemic  plethora  the  abdominal  organs  become 
dropsical,  but  never  the  extremities.  Control-experiments  recently  carried  out  by 
Fra/icoUe  confirm  tlie  observation  that  hydncmic  plethora  artificially  produced  in  ani- 
mals causes  in  tlie  first  place  a  dropsy  of  the  abdominal  organs;  but  this  observer  was 
able  to  produce  also  an  oedema  of  the  skin  and  subcutaneous  tissues. 

The  view  that  the  so-called  hydncmic  anlema  is  merely  the  result  of  an  increase  in 
the  absolute  amount  of  water  in  the  blood,  is  championed  especially  by  von  JieekUng- 
havsen  and  by  I^wnti.  The  distribution  of  the  dropsy  is,  according  to  T(m  Heckling- 
hausen,  essentially  dependent  upon  bodilv  position,  external  pressure,  impeded  circula- 
tion, difference  in  the  innervation  of  different  vascular  areas,  and  the  consequent 
difference  in  tiie  fulness  of  their  vessels. 

I  can  subscrilKJ  to  these  opinions  only  in  so  far  as  they  apply  to  the  influence  of 
the  above-mentioned  modifying  factors  upon  the  distribution  of  the  oedema,  but  not 
as  rey:ards  the  main  point.  For  the  other  side  speak  not  only  tlie  experiments 
of  Cohnheim  and  Lichtheim  above  mentioned,  but  also  the  fact  that  in  nephritic  and 
cachectic  individuals  oedema  not  infrequently  appears  at  a  time  when  no  hydraemic 

i)Iothora  is  present;  and,  further,  in  cases  of  hydnemic  plethora  no  oedema  may  occur. 
;  therefore  look  upon  the  increase  in  the  amount  of  water  as  only  one  factor  which  is 
favomble  to  the  occurrence  of  oedema. 

According  to  the  investigations  of  Pickhardt,  pathological  transudates  constantly 
contain  uric  acid:  the  fluid  of  ascites  about  0.0036  per  cent;  the  fluid  of  oedema.  0.0075 
per  cent ;  and  pleuritic  exudates  about  0.0015  per  cent.  Sugar  is  also  constantly  pres- 
ent, usually  as  dextrose. 

Effusions  into  the  large  serous  cavities  of  the  ft<?</y  occasionally  present  a  milky  appear- 
ance, or  a  certain  degree  of  opalescence.  This  phenomenon  is  most  often  due  to  the 
presence  of  chyle  {hydrops  chylosus),  or  of  fat  {hi/dr(tps  adi])osus  or  ehylifonnis),  or  of 
both.  Moreover,  the  presence  of  different  albuminoid  bodies,  mucoid  substances 
{Uamnuirsten\  casein-like  bodies  {Lion),  lecithin  {Mitcltelly  Mattiroli,  Gnm),  may  pro- 
duce cloudiness  of  the  transudate.  In  so  far  as  chyle  is  not  the  cause,  the  substances 
IMcxlucinir  the  cloudiness  arise  for  the  greater  part  from  disintegrating  cells.  Accord- 
ing to  Hernert,  a  cloudiness  maybe  produci^l  by  albumins  belonging  to  the  group  of 
globulins,  from  which  by  means  of  hot  alcoiiol  considerable  amounts  of  lecithin  maybe 
obtained.     The  fat-content  is,  moreover,  very  low. 

According  to  Jleidenhain,  the  si>ecitic  function  of  the  capillary  walls  plays  a  con- 
trolling  part  in  the  formation  of  the  lymph.  Con.sequently,  tiie  lymph-production  can 
be  influenced  by  various  substances  present  in  the  blood.  The  crystalloid  substances 
are  quickly  eliminated  from  the  cai)illaries,  and  cause  a  discharge  of  tissue-fluid  into 
the  lymph,  as  has  already  been  mentioned  in  §  41.  Ucidenfuiin  has,  however,  found 
substances  which,  when  injected,  cause  an  increase  in  the  transudation  of  water  from 
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^  blood  into  the  lymph.     This  may  be  accomplished,  for  example,  with  decoctions  of 
^  muscles  of  cralra  and  of  fresh-wat^r  mussels,  or  of  the  heads  and  bodies  of  leeches, 
or  through  injections  of  peptone  and  egg-albumin.     By  these  means  the  amount  of 
Ivmph  flowing  from  tlie  thoracic  duct  may  be  increased  live-,  six-,  and  fifteenfold.     At 
we  same  time  the  amount  of  organic  constituents  in  the  lymph  is  increased.    The 
^ive  substances  must  therefore  stimulate  the  specitic  function  of  the  cells  of  the 
^^cssel- walls  whicl)  secrete  the  lymph.    According  to  these  observations,  it  is  probable 
tfiat  many  of  the  affections  of  the  skin  described  as  neuropathic,  and  which  are  charac- 
terized by  hypersemia  associated  with  oedematous  swelling — as,  for  example,  urticaria, 
errthema  nodosum,  herpes  zoster — ^are  to  be  regarded  as  symptoms  of  intoxications 
coupled  with  nervous  affections  and  with  distur&nce  of  the  secretory  activity  of  the 
capillaries.    It  is  also  possible  that  the  secretion  of  the  capillaries  may  be  directly  af- 
fected by  nervous  influences. 

^fagnus,  on  the  other  hand,  on  the  ground  of  experimental  in vestig^ation  (infusions 
of  physiological  salt-solutions  in  normal  animals,  irrigation  of  dead  animals  with  salt- 
«oiution  after  poisoning  with  arsenic,  chloroform,  chloral  hydrate,  and  ether,  and  after 
^oe  removal  of  the  kidneys  and  ligation  of  tlie  ureters),  arrives  at  the  following  con- 
clusions: The  capillary  walls  during  life  offer  a  resistance  to  the  passage  of  fluids; 
wter  death  this  resistance  disappears.  An  injury  to  the  capillary  wall,  and  a  diminu- 
tion of  its  resistance,  favor  the  occurrence  of  a»dema.  There  are  poisons  which  are 
able  to  injure  the  capillary  wall  in  such  a  manner  that  it  becomes  abnormally 
•  permeable. 

Albu  emphasizes  likewise  the  importance  of  the  increased  permeability  in  the  case 
^f  the  escape  of  a  large  amount  of  blood-serum.  HydraBmia  and  plethora  may  con- 
^mute  the  conditions  favoring  this. 

Literature. 

{(Edema  ;  Effusions  into  the  Body- Cavities.) 

^^"^Xa:  Exper.  Erzeugung  v.  Oedemen.     Virch.  Arch.,  166  Bd..  Berlin,  1901. 
2;*^«ru.  Barbera:  Eia:ensch.  u.  Entstehung  d.  Lymplie.     Zeit.  f.  Biol.,  1897. 
'■•^^"^ebuhr:  ChylOse  ErgQsse  in  der  Pleura.     Deu't.  Arch.  f.  klin.  Med.,  53  Bd.,  1895 
:^^      <Lit.). 

2^^ert:  Milchige,  nicht  fetthaltige  Ergttsae.     Arch.  f.  exp.  Path.,  49  Bd.,  1903. 
'^^^^"^iheiin:  Beitr.  z.  Chemie  der  Exsudate  u.  Transsudate.    Virch.  Arch.,   IIU   Bd., 

■^^^^daert:  Developp.  de  rcrdt^mc.     Ann.  de  la  Soc.  med.  de    Gand,   1893:   (Edenu? 
lymphatique.     Acad.Roy.demed.de  Belgique,   1895;  Influence  de  rinncrvalion 
f^^       sur  la  transsudation  vasculaire,  1908. 

^%ron-   Eiweissgehalt  u.  spec.  Gewicht  pathol.  Fltlssigkeiten.     Deut.  Arch.  f.  kl. 
*^        Med..  46  Bd.,  1890.  ^ 

^"^Imheim:   Allgem.  Pathologic,  1882;  Untersuch.  Ob.  d.  embolischen  Processe,  Bcr- 
-^       lin,  1872.  _ ,  ^.    ,     .     . 

^^^hnheiin  u.  lachtheixn :   Ueber  Hydrftmie  u.  hydrftmisches  (Edem.     Virch.  Arch., 
-^      09  Bd..  1877. 

^^^hnstein:    Transsudation  u.   Lymphbildung.      Virch.   Arch.,    135  Bd. ;    PtiUger  s 
.Arch.,  59  Bd.,  1894;  (Edem  u.  Hydrops.     Ergebn.  d.  allg.  Path.,  iii.,  Wiesbaden, 
,^    1897  (Lit.).  ^         ,      , 

^mminghaus:  Abhftn^gkeit  d.  Lymphabsonderungcn  v.  Blutstrom.     Arb.  d.  phys. 

Aust.  zu  Leipzig,  viii.,  1874. 
^ranootte-    De  I'ced^me  hydremique.     Bull,  de  I'Acad.  Roy.  de  med.  Belgique,  u., 

Bruxelies,  1888. 
Gross:  Pseudochyl5se  Ergtts.se.     Arch.  f.  exp.  Path.,  44  Bd.,  1900. 
Orossmann:  Muscarinlungen5dem.     Zeitschr.  f.  klin.  Med.,  xii.,  1887. 
Halliburton:  Chemische  Physiologic  u.  Pathologic,  Heidelberg,  1893. 
Hamburger:  Hydrops  von  mikrobiellem  Urspruug.     Beitr.  v.  Ziegler,  xiv..  1893. 
Hammarsten:   Mucoidsubstanzen  in  AscitesHOssigkeit.     Zeit.  f.  phys.  Chem.,  xv,, 

1891.  ^,    . 

Heidenhain :   Zur  Lehre  von  der  Lymphbildung.     Verhandl.  d.   X.  internat.  med 

Congr.,  ii.,  Berlin,  1891;  Arch.  f.  d.  ges.  Phys.,  49  Bd.,  1891. 
^onsset:  Des  humeurs  opalescentes  de  I'organisme,  Paris,  1901. 
Xlebs,  A.:  (Edem  d.  Hornhautepithels.     Beitr  v.  Ziegler,  xvii.,  1895. 
Landerer:  Die  Gewebsspannung,  Leipzig,  1884. 
Lassar:  Ueber  ffidem  u.  Lyinphstrom  bei  der  Entzttndung.     Virch.   Arch.,  69  Bd., 

1877. 
Lasarus:  The  Pathol,  of  (Edema.    Brit.  Med.  Journ..  i.,  1896. 


158  DISTURBANCES    OF   THE    CIRCULATION. 

Leydhecker:  Carciuom  d.  Duct,  thoracicus  mit  cliyl5sem  Ascites.     Virch.  Arch.,  184 

Bd.,  1893. 
Lion:  Ascite  laiteuse  noii  chyleiise.     Arch.  d.  med.  exp.,  xv.,  1898. 
Lowit:    Entstehung  d.  LungenOdems.     Beitr.  v.  Ziegler,  xiv.,  1898;    Lungenddem, 

Cent.  f.  a.  Path.,  1895. 
Lukjanow:  Allgem.  Pathologic  des  Gcfflssy stems,  Leipzig,  1894. 
Magnus:  Entstehung  d.  HautOdeme  bei  hydr.  Plethora.     Arch.  f.  exp.  Path.,  42  Bd.. 

1899. 
Munk:  Transsudate.     Eulenburg's  Realencyklop.,  xxiv.,  1900. 
Pickardt:  Zur  Chemie  patliolog.  ErgUsse.     Berl.  klin.  Woch..  1897. 
Pisenti:  Beitrag  zur  Lehre  von  den  Transsudaten.     Cbl.  f.  allg.  Path.,  ii.,  1891. 
Cluincke:   Hydrops  chylosus  u.  adiposus.     Deut.  Arch.  f.  klin.  Med..  6  Bd. ;  Ascites. 

Ib..30Bd. 
Cluincke  u.  Oross:  Lokalisat.  d.  akuten  umschrieb.  CEdems.    D.  med.  Woch.,  1904. 
V.  Recklinghausen:  Handb.  d.  allg.  Path.  d.  Ereislaufs  u.  der  ErnfthruDg,  Stutt- 

pirt,  1883. 
ReuBs:  Verhaltn.   d.   spec.  Gew.  z.  Eiweissgehalt  in  serOsen   FlQssigkeiten.     Deut. 

Arch.  f.  klin.   3Ied.,   28  B(i.;  Beurtheilung  von  Exsudaten  und  Transsudateu. 

lb..  24Bd. 
Senator:  Ueber  Transsudation  und  Qber  den  Einfluss  des  Blutdrucks,  auf  die  Beschaf- 

fenheit  der  Transsudate.     Virch.  Arch.,  Ill  Bd.,  1888;  Ascites  chylosus  u.  Chylo- 

thorax  bei  Carcinom  d.  Ductus  thor.     Cbl.  f.  inn.  Med.,  1896. 
Starling:  On   Absorption  from  and  Secretion   into  the  Serous  Cavities.    Joum.  of 

Phys. ,  X  vi.,  1894 ;  The  Influence  of  Mechanical  Factors  on  Lymph  Production.    lb. , 

1894  ;  Action  of  Lymphagogues.     lb.,  xvi.,  1894;  Absorption  of  Fluids  by  Bloocl- 

vessels.     lb.,  1896;  The  Causation  of  Dropsy.    Lancet,  1896. 
Tcliirkoff:  Oildt^mes  vasomoteurs.    Rev.  de  med.,  xv.,  1895. 
Ziegler,  K.:  Oedem    der   Haut   und   des    Unterhautzellgewebes.    B.    v.    Ziegler, 

xxxvi.,  1904. 

See  also  §  46. 

V.  Haemorrhage  and  the  Formation  of  Infarcts. 

§  43.  By  haemorrhage  is  understood  the  escape  of  all  the  constituents 
of  the  blood  from  the  vessels  (extravasation)  into  the  tissues  or  upon  a 
free  surface.  It  may  be  either  arienal,  venouSf  or  captUwy,  or  the  blood 
may  escape  from  the  heati.  The  blood  which  has  escaped  from  the  vas- 
cular system  is  termed  an  extravasate.  For  the  designation  of  especial 
forms  of  haemorrhage  a  very  great  variety  of  terms  is  used.  If  the 
hflemorrhagic  foci  are  small,  and  form  more  or  less  sharply  outlined, 
punctate,  red  or  dark-red  spots,  they  are  called  j>d^^c^i(c  or  ecchymoses; 
if  they  are  larger  and  not  sharply  outlined,  they  are  known  88  suggiUa- 
iions  and  as  bloody  mffusions.  If  the  affected  tissue  is  firmly  infiltrated 
with  the  escaped  blood,  but  not  torn  or  destroyed,  the  condition  is  spoken 
of  as  a  hwrnorrhof/ic  infarct.  If  the  extravasated  blood  forms  a  large 
mass,  this  is  known  as  a  hcematoma  or  hJood-tmnor, 

The  blood  which  escapes  from  the  vessels  into  the  tissues  collects  at 
first  in  the  tissue  spaces  (Fig.  32).  Large  hiemorhages  may  completely 
conceal  the  structure  of  the  tissue  (Fig.  33,  d).  Delicate  tissues,  as  those 
of  the  brain  or  spinal  cord,  may  be  destroyed  by  large  haemorrhages. 

If  the  hiemorrhage  occurs  on  the  free  surface  of  an  organ,  the  blood 
either  escapes  externally  or  is  poured  into  a  neighboring  cavity. 

Haemorrhage  from  the  nose  is  called  cpistaxis ;  vomiting  of  blood, 
hwmatnncsiH  ;  bleeding  from  the  lungs,  hwmopto'e  or  haemoptysis;  from  the 
uterus,  7n rtrorrha(/ia  ami  menorrhar/ia  (during  the  menses);  hiemorrhage 
from  the  urinary  organs,  haymatnna\  hemorrluige  from  the  sweat-glands, 
hwmatidrosis. 

A  collection  of  blood  in  the  uterine  cavity  is  designated  as  ha^matO' 
inetruy  in  the  i)leui*al  cavity  a^s  Ineinothorax,  in  the  tunics  of  the  testicle  as 
ha^matocelvy  in  the  pericardium  as  ha^mopcrlvardium. 
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Ilminorrhaijes  of  tju^  skin  iioj  osuis^mI  hy  Iraiima  ariMimially  tojuuHl 
purpurff  (Fi^.  32).  fVilUH'tioiis  uT  h\oud  and  Ihiid  heiiratii  \\w  rjii^lerniis 
ill  the  j*luce  of  the  dissolved  deeper  epithelial  layers  give  rise  tn  hamor^ 
rhatfie  blebn. 
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-HflemoiTti&g^  in  tbe  Hklu  neiir  Hi^l^  kiii^d* ;   from  a  luuti  «lgbty<ioe  yeiin  of  age* 
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Kecent  extravasations  show  the  chanict-eristic  color  of  either  tirterial 
or  veuoiis  blood.  Liiter  the  extra va^iite  shows  various  alterations  whieh 
are  cJiaracterized  iKUtieiilarly  hy  color-^'han^^es,  Hii^^f^illations  of  the 
skin  heeonie  tii'^it  hmwn,  then  bine,  and  green,  antl  tinally  yellow.  In 
the  coui^Mjf  time  the  extravsksiile  is  absorljerl  (s<>e  Chajiter  V.),  and  dnr- 
my^  this  absorption  tissue* proliferation  oft*ni  oeenrs.  Large  et>!leetions 
of  bloiwl  may  t>eeonie  partly  organized  into  eonueetive  tissue  or  may 
become  eneaiisnlated  (see  Ctiapter  VIL  ). 

A  haemorrhage  may  oeeur,  in  the  first  plaee,  from  rupture  of  the 
heart  or  the  vesseJ-wal! — that  is,  per  rhexin  t^r  per  diahrosjo.  This  is 
the  only  form  of  cardiac  and  arterial  hiemorrhage.  From  the  capillaries 
aud  veins  InenLorrhitge  may  oet-nr  also  per  diapedesiti — that  is,  by  a  proc- 
ess In  which  the  red  eells  escape  thronj^h  the  \'essel-wall  without  the  nc- 
currence  of  a  tear  in  the  Siime.  Very  often  such  hiemorrluiges  are  small 
and  of  slight  extmit ;  in  otln^r  eas(.*s  the  process  eoidinues  for  a  hniger 
time,  and  the  iniiltraliou  of  the  tissues  with  red  cells  reaches  a  signiticant 
degree.  Hicnnurhages  by  dlapedesis  are  thcrefoi^  not  always  small, 
hemorrhages  by  rliexis  not  always  large.  The  rupture  of  a  capillary 
or  small  vein  dm^s  intt  give  ns<3  to  a  large  lnpm**rrhage;  on  the  other 
band,  a  hienmrrhiige  through  diapt*desis  can  reach  an  important  size. 

The  causes  of  interruption  of  continuity  of  the  heart^wall  and 
vessel-walls  are  in  pait  traumittir  itijnnts,  in  jiart  hterettHe  o/*t«/mrrW' 
eulurpremurc,  and  in  part  (h.sf(fst(l  rttfttlitioft,*^  *yf  the  heart  (tttd  veHJ^fi-iralL 
Inere:use  of  the  bloiMl- pressure  in  ilie  C4ipillaries  and  Rmalloftt  veins  ran 
leafl  to  ruptui^  without  the  aid  of  vascnhxr  changes,  particularly  in  the 
csise  of  marked  pjissive  congestion.  The  heart,  normal  arteries,  an«l  nor- 
mal veins  of  large  size  cannot  be  rupture*!  through  increase  of  i^ressuix? 
alone,  but  abnoi'mally  thiTi  walled  or  dist*as(*d  areas  in  either  the  heart, 
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arteries,  or  veiDS  may  be  so  rnptui^ed.     Newly  formed  vessels  are  easily" 
torn. 

Diapcdests  may  be  cixused  by  iiii  iucrenHe  of  prrH^tnrr  in  tlie  capillaries 
and  \eins,  ils  well  a.s  by  an  im-reaned  pennrtthiUtif  of  the  vemtfwalL 
If  the  uuttiow  of    tlit*  venous  blooil   iu  a  giVL'ii  viiscnlar  area  lie  ob* 
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i^ui. +ia.  Iraiimalu  t^n  hrai  Ik  (nontiutfs .  f Formalin,  hir ma loxvUri.  and  etjairr)  rj,  Normal 
bmiri  substance;  b,  liloixf-vt ssH;  r,  iHTlvtt^cnlar  tfilleriicui  of  tilcxKl;  c/,  l^mi^r  ttH'tt  of  h^'morrliage 
with  destruf'tjofi  of  !h*-  brain  siil>s1iittr<^      ;-:  100. 


strueted,  diapedesis  of  red  ex^lls  from  the  capillaries  and  veins  takes  place  j 

and  this  is  to  l>e  regarded  a.s  a  resnlt  of  the  increased  pressure  in  tlie  ves- 
sel DiaiRHle.sis  a.s  a  result  of  changes  in  tlie  vessel -wall  occui-s  iiarticn- 
larly  after  mechanical,  chemical,  and  thermal  lesions  of  the  vessc^l ;  and 
it  may  Im*  assumed  that  ecrtainj>om>y/.v  produce  especially  marked  changes 
in  tln^  A'essid- walls.  Further,  an  abnormal  pernieability  of  the  vevsscl- 
wulls  is  als^j  oljsi.^r\"cd  when  for  a  long  jjeriod  the  vessels  have  not  l>een 
traverst^d  by  the  blood -streaju.  and  have  8uiroix*d  in  tlieir  nutrition  in 
consequence. 

When  an  individual  shows  a  special  tendency  to  hfeniorrliiige,  the 
coudithni  is  designated  as  h^emorrhag^iG  diathesis*  Two  furms  may  be 
distinguished— a  eongenital  and  an  acquiiT^d. 

The  congenital  ha^marrhaglc  diathesis  or  congenital  haemophilia, 
which,  iiH  already  mentioned  in  gj;  15  and  16,  belongs  to  the  diseases 
which  may  be  inherited,  depends  most  ]>robably  upon  an  abnormal  con- 
stitution of  the  vess4jl- walls.  The  composition  of  the  bh*od  nuiy  alsi>  Ije 
pathi>logical,  si>  that  a  ha^moirhage  once  started  is  in>t  arrested,  HhS  usnah 
by  the  con^^nlation  of  the  blouth 

An  acquired  ha^morrhagic  diathesis  occurs,  iu  the  fii^st  phxce.  in 
those  disease's  which  arc  known  sis  scurvy,  morbus  nniculosus  Werlholii, 
purinna simplex,  purpura  (  pi^liosis)  rheuniatica,  pnrimra  hienioirhagicu. 
liiemtkpliilia,  and  nn-hena  ne^nnttoruin  (gastric  and  ijitestinal  hiennir- 
rhages),  and  Midler's  or  Barlow's  diHc*as«* ;  and,  further,  in  many  infec- 
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tions  and  intoxications — namely,  septiccemia,  endocarditis,  anthrax, 
typhus  fever,  cholera,  smallpox,  plague,  acute  yellow  atrophy  of  the 
liver,  yellow  fever,  nephritis,  phosphorus  poisoning,  after  snake-bites, 
etc. ;  and,  finally,  also  in  pernicious  anjemia,  leukaemia,  and  pseudoleu- 
ksemia.  In  the  first  group  of  diseases  named — all  of  which  are  charac- 
terized by  haemorrhages  in  the  skin,  mucous  membranes,  and  parenchyma 
of  various  organs  and  tissues  (in  Barlow's  disease,  which  often  occurs  in 
children  of  from  one  and  one-half  to  two  yeare  old  in  association  w  ith 
rickets,  the  haemorrhages  are  subperiosteal) — the  cause  has  been  gener- 
ally supposed  to  lie  in  disturhaiwes  of  nutnUon  and  of  the  circuUdion;  but 
recent  obser\-ations  make  it  very  probable  that  these  affections,  at  least 
in  a  great  part,  belong  to  the  infections  diseases.  W.  Koch  is  of  the  opin- 
ion that  scurvy  is  an  infectious  disease,  and  that  the  different  forms  of 
purpura,  erythema  nodosum,  and  the  haemorrhages  occurring  in  the  new- 
born represent  varieties  of  this  infection.  In  the  last  few  years  bacteria 
have  been  repeatedly  found  in  these  conditions — namely,  purpura  haemor- 
rhagica  and  the  haemophilia  of  the  new-born.  In  this  connection  should 
be  mentioned  especially  the  investigations  of  Kolb,  Babes,  Gartner,  Car- 
rifere,  Tizzoni,  and  Giovannini,  who  have  found  in  these  diseases  certain 
bacilli  which  were  pathogenic  for  animals,  and  which,  when  inoculated 
into  the  latter,  produced  a  disease  chainicterized  by  luemorrhages.  These 
diseases  are  also  associated  with  other  infections  characterized  by  haem- 
orrhages, and  it  may  be  assumed  that  the  haemorrhages  are  in  part  caused 
by  loc4il  changeH  of  the  veHHel-ioall  which  are  due  to  local  development  of  bac- 
teria, and  in  part  to  the  injnnous  influence  of  the  toxic  substances  produced  by 
the  bacteria  thnn selves. 

The  haemorrhages  occurring  in  anaemic  conditions  are  to  be  regarded 
as  the  result  of  ancemic  degeneration  of  the  vessel-wall^  though  partly  also 
as  a  result  of  circulntonj  disturbances, 

A  number  of  apparently  spontaneous  haemorrhages  are  connected  with 
irritation  or  paralysis  of  the  vasomotor  nerves,  arising  either  from  the  cen- 
tral nervous  system  or  by  reflex  action,  or  through  lesions  of  the  con- 
ducting nerve -fibres.  In  this  category  belong  the  haemorrhage  of  men- 
struation, many  forms  of  haemorrhage  from  the  nose,  intestine,  and 
urinary  bladder,  also  haemorrhages  from  the  conjunctiva,  skin  (stigmati- 
zation),  from  the  normal  kidney,  mammary  glands,  from  haemorrhoids, 
wounds,  et<5.  Further,  certain  haemorrhages  from  the  lungs  following 
severe  cerebral  lesions  are  also  to  be  considered  in  this  connection, 
though  in  a  given  case  it  is  not  always  possible  to  judge  with  certainty, 
since  disturbances  of  respiration,  as  well  as  the  aspiration  of  irritating 
substances  into  the  lungs,  may  likewise  lead  to  hyi)eraemia  and  to  haemor- 
rhages in  the  lung.  Finally,  in  cerebral  disease,  particularly  in  disease 
of  the  crura  cerebri,  there  occur  haemorrhages  from  the  stomach  and  in- 
testines, which  are  dei)endent  upon  the  cei'ebral  lesion^ 

RcBmarrhages  per  rhexin  cease  when  the  extravascular  pressure  comes 
to  equal  the  pressure  within  the  bleeding  vessel,  or  when  the  narrowing 
of  the  vessel  and  the  processes  of  coagulation  and  thrombosis  close  the 
rent.  Haemorrhage  by  diapedesis  ceases  through  a  cessation  of  blood -sup- 
ply to  the  bleeding  vessel,  or  when  the  abnormal  intravascular  pressure 
is  lowered  and  the  vessel-wall  is  restored  to  its  normal  state. 

The  process  of  diapedesis  may  bo  observed  under  the  microscope  in  the  froth's 
mesentery  or  web.  If  before  the  examination  the  efferent  veins  are  ligated,  the  capil- 
laries and  veins  are  seen  to  be  engorged  with  blood.     After  a  certtiin  time   the  red 

11 
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blood  cells  begin  to  pass  from  the  capillaries  and  veins  (see  Qfhnheim,  **  Allgem.  Path./ 
f.,  and  Virch  Areh.,  41  Bd.).  Arnold  (  Virt^i.  Ardi,,  68,  62  ii.  64  Bd.)  iKMievcd  at  first 
that  at  the  place  of  exit  of  the  corpuscular  elements  spaces  between  the  endothelial 
cells  must  exist,  and  these  he  designated  as  stigmata  and  stomata:  later  he  found  that 
the  supposed  openings  consisted  of  more  marked  heaping-up  of  the  cement-substance 
between  the  endothelial  cells.  Under  pathological  conditions  the  cement-substance 
gives  way  and  allows  the  red  blood-cells  to  pass  through. 
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§  44.  The  sudden  closure  of  an  artery  by  thrombosis,  or  embolism, 
or  by  ligation,  or  by  aiiy  other  means,  leads,  as  has  already  been  stated 
(§  39),  to  a  stoppage  of  the  circulation  beyond  the  point  of  obstruction, 
after  the  vessel  has  more  or  less  completely  emptied  itself  by  the  con- 
traction of  its  walls.  At  the  same  time  there  is  an  increase  of  pressure 
in  the  vessel  from  the  point  of  obstruction  back  to  the  point  of  divergence 
of  the  nearest  arterial  branch.  If  the  branches  of  the  artery  beyond  the 
point  of  obstruction  have  free  arterial  communication  with  some  other 
unobstructed  artery,  the  latter  by  becoming  dilated  may  be  able  to  sup- 
ply a  sufficient  amount  of  blood  to  the  affected  area  and  the  circulation 
is  thus  restored. 

If  the  area  of  the  obstructed  artery  has  no  collateral  connections 
through  which  it  may  draw  its  blood-supply,  the  portion  of  tissue  de- 
prived of  blood  remains  anaemic  and  dies,  thus  giving  rise  to  an  anasmic 
infarct.  Parenchymatous  organs — as,  for  example,  the  spleen  and  the 
kidneys — present  in  such  infarcted  areas  a  cloudy,  opaque,  yellowish- 
white,  often  clay-colored  appearance.  (See  §48,) 

When  the  area  of  distribution  of  the  obstructed  vessel  possesses  no 
collateral  anastomoses,  as  in  the  case  of  a  terminal  artery,  but  if,  on  the 
other  hand,  there  is  a  scanty  influx  of  blood  from  neighboring  capillaries 
or  from  the  veins,  a  haemorrliagic  infarct  may  be  formed.  The  capil- 
lai'ies  of  the  area  rendered  anaemic  by  the  obstruction  become  gradually 
filled  once  more  with  blood,  which  iu  part  comes  from  the  capillaries  of 
the  adjacent  vascular  area,  and  in  part  from  the  veins,  from  which  the 
blood  flows  in  a  retrograde  direction.  The  blood  flowing  in  from  the 
adjacent  capillaries  is  under  very  low  pressure,  which  is  not  sufficient  to 
drive  the  blood  quickly  through  the  obstructed  area  into  the  veins. 
When  the  conditions  of  pressure  become  such  that  a  retrograde  current 
sets  in  from  the  veins  into  the  capillaries,  the  restoration  of  the  normal 
circulation  becomes  wholly  impossible. 

The  imperfect  circulation  in  the  obstructed  areii,  which,  through  proc- 
esses of  coagulation  in  the  veins  and  capillaries,  is  Anally  brought  to  a 
complete  standstill,  leads,  in  case  there  is  not  a  restoration  of  the  normal 
flow  of  blood  in  the  vascuhir  system  through  a  speedy  adjustment  of  press- 
ure, sooner  or  later  to  a  degeneration  and  necrosis  of  the  vesst^l-wall, 
and  thereby  to  an  increased  permeability  of  the  same.  As  a  result,  if 
the  afflux  of  blood  be  continued,  there  occur  iu  the  stagnated  area  a  (Ha- 
pedesis  of  red  cells  and  an  infiltration  of  the  tissue  with  extravasated  blood- 
corpuscles,  through  which  the  obstructed  area  acquires  a  dark-red  color 
and  a  firmer  consistency ;  a  hcemorrhagic  infarct  is  thus  formed  (Fig.  34). 
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Emholir  hmnnrrhfu/te  mfnreh  occur  in  liie  hiiifjcs  (  Fij;,  34),  hut  fir** 
funiiHl  artcr  the  t^Hilit>lir  ohstrui'tiou  of  iiii  iirtery  unhf  irhttt  there  frints 
a  ptLsxire  eoHf/e.stii»fi  of  (hf  hfin/.^ ;  whili^  lit  tljc  case  (if  a  normal  piiIiiHiriiiry 
cirrnlatiou  the.  disturhaiMTS  of  circulation  produced  by  the  enibolisjn  are 
«|iiickly  couvpe!iH;ited.  In  iUv  systeuiic  circnlalion  extensi\e  end>olic 
hieniorrhage^i  are  confiiicd  almofcit  entirely  to  the  region  of  di8tribution 


FJii  :U.-Ha?rnorrhiiirlr  Infarct  of  the  lnnR*  (Hivmiitoxylln  ant!  iiwin.)  Alreoll  flllpil  with  h|<Kwl: 
»-3!iaenHl  paU^  nwlfl  In  The  iilviiilar  mnptxi  nrnl  Jti  tbe  tilcxxl  nt  Uie  ttlveiMur  apAMffis  bdloiiKlliir  partly  Ut  ran- 
nw-tivt'-tlwiiiiMU'llHUinl  fnirllv  U*  k'nrtM'ytw**     X    ii\. 


of  the  Huperior  mesenteric  artery,  whose  bninclies,  though  not  terminal 
arteries,  i>*issess  but  few  anast<miost*s.  Artttmie  hijhrvt.'i  occur  csjM't*ially 
in  the  Hphvn,  henrf,  ajid  JdthwijH.  Around  the  periphery  of  the  auicniio 
area  tln-re  is  always  more  or  less  hseniorrha^e,  so  that  the  pale  area  of 
the  ird'aret  is  sniTonntle<l  by  a  hirmonhiujic  border  t»r  }it  least  by  hwnior- 
rhiUfic  Hpots,  In  the  case  of  obstruction  of  the  cerebral  arteries  or  those 
of  the  extremities,  or  the  eeutral  arteiy  of  tlie  retina  punctate  luemor- 
rha^€*i4  may  also  occur.  AYithiu  the  inlarcted  area  the  tis.sues  are  wholly 
or  for  tin*  greater  ])art  dead,  and  t lie  specific  elenieuts  of  the  organ  in 
part icnhir  (Fig.  3(j,  c,  d}  die  quickly*  After  a  lime  a,n  exndati\'e  iuilam- 
matifui  arises  in  the  neighborhood  of  aiuemic  and  ha^niorrhagic  iufarcts, 
with  thn  foiination  of  a  eellidar  (Fig.  3tj, /)  or  a  cellular  and  tibriutuis 
exudate;  and  this  is  followed  by  tissue  i noli ferat ion  thriKigh  wliicti  (he 
dead,  htBuiorrhagic  area  is  graduuily  absorljcd  and  leidaeed  by  connec- 
tive tissue  (see  Part  II.  of  Chapter  VII.), 

Virrhmr,  \vlii>  was  the  tirst  to  carry  out  exteni^fve  esperimeutfil  investigationa 
with  refercuice  tu  ttimmliosiH  ami  t'lnholiHtn.  leaves  in  liis  pufilifshi^i  works  the*  tnR'8tjt>n 
of  till?  ori/^in  of  tmbolic  hivmnrdmgie  infants  still  oprri;  hut  t'Xpn^MSt's  thr  o|>inion  that 
most  iirotmljly  tho  vrswjPwaUs  in  t lit'  cdistructiil  nnii  sutler  changes  by  whirh  iliey 
become  uiore  ptTim-able  aufl  fniLnlf.  If  a  etitluti'ml  c:  re  u  la  lion  be  aftrrward  eMnh- 
lishfd^  R*enn«lary  Jurmctrrhiijt^e,  exudation,  aiMl  l^\t^avIlSftl^oJl  take  plaee  iis  the  r^'stiU  of 
the  ehaiijL^ea  in  the  vessel- will t,  Cahnhtim,  wIki  Ktudjeti  the  n'SuHs  of  eniholisiii  in  the 
frog'H  tongue  (lit eel ly  tinder  tlje  niierciscnpe,  liemanstmted  the  retrugntfle  (Invv  of  bhwjd 
in  the  vems,  tlie  rettUing  of  thu  capillarieB,  and  the  eseape  of  hhitd  liy  fliapcdesia. 
The  cause  of  the  riiapedeBis  he  believed  to  be  esueutmlly  the  disorgani/.ation  of  the 
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vessel-wall  caused  by  the  ansemia.  Litten  regarded  the  retrograde  flow  of  blood  from 
the  veins  as  unessential,  and  referred  the  refilling  of  the  ausemic  area  to  an  influx  of 
blood  from  the  capillaries  of  the  neighboring  vascular  areas.  He  also  regarded  the 
disorganization  of  the  vessel- walls  as  unnecessary  for  the  production  of  infarction,  in- 
asmuch as  the  stagnation  is  sufficient  in  itself,  as  in  the  case  of  venous  obstruction,  to 
explain  the  diapedesis.  The  diapedesis  is  therefore  increased  whenever  in  such  foci 
the  blood  coagulates  in  the  efferent  veins.  Von  Recklinghausen  considers  the  prin- 
cipal factor  in  the  formation  of  a  haemorrhagic  infarct  to  be  a  liyaline  thrombosis  of 
the  capillaries  of  the  obstructed  area.  If  blood  subsequently  enters  from  neighboring 
vessels  into  the  still  pervious  vessels  of  the  area,  it  encounters  resistance,  becomes 
stagnant,  and  then  escapes  from  tlie  vessels. 

The  essential  cause  of  the  escape  of  blood  in  the  case  of  haemorrhagic  infarction  lies 
in  the  stagnation  of  the  blood  in  the  affected  area,  and  in  the  degeneration  or  death  of 
the  tissue  and  the  blood-vessel  walls.  The  latter  change  mav  be  recognized  with  cer- 
tainty through  the  disappearance  of  the  nuclei.  Secondary  tiirombosis  in  the  vessels  of 
the  obstructed  area  is  of  freouent  occurrence,  and  increases  the  stagnation  and  hsemor- 
rhage,  but  thrombi  are  not  always  present  at  the  time  of  the  haemorrhage,  and,  therefore, 
cannot  be  regarded  as  the  essential  factor  in  the  production  of  the  latter. 

According  to  investigations  by  Orth,  haemorrhagic  infarcts  may  be  produced  in 
dogs  through  the  introduction  of  chemically  irritating  emboli  into  the  pulmonary 
arteries. 

In  the  lungs,  in  conditions  of  passive  congestion  and  inflammation,  there  not  infre- 
quently occur  extensive  haemorrhages,  which,  in  case  they  are  restricted  to  a  circum- 
ficribed  area,  closely  resemble  embolic  infarcts.  They  are  usually  less  sliarply  outlined 
and  less  firm,  so  that  in  the  majority  of  cases  they  are  easily  distinguished  from  the 
embolic  infarcts. 
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VI.  Lymphorrhas^ia. 

§  45.  Lympherrhagia  occurs  when  the  continuity  of  a  lymph-vessel 
is  interrupted  at  any  point  and  the  lymph  is  poured  out  into  the  neij^h- 
boring  tissue.  Since  the  pressure  in  the  lymph-vessels  is  very  low — that 
is,  not  greater  than  in  the  surrounding  tissues — an  outflow  of  lymph 
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from  a  lymph- vessel  can  occur  only  when  the  injured  vessel  lies  on  the 
external  surface,  or  when  a  natural  cavity  is  at  hand  into  which  the 
lymph  can  flow,  or  when,  through  the  same  cause  producing  the  ruplui*e, 
an  open  space  is  formed  at  the  same  time  in  the  tissues.  So,  for  exam- 
ple, an  escjipe  of  lymph  together  with  the  blood  may  take  place  from 
wounds,  but  the  outflow  is  stopped  by  very  slight  counterpressure.  If, 
after  the  wounding  of  a  lymphatic,  the  opening  persists,  so  that  thei-e  is 
a  permanent  outflow  of  lymph,  escaping  externally  (as  in  ulcers)  or  into 
one  of  the  body -cavities,  there  is  formed  a  lymph-fistula,  through  which 
considerable  quantities  of  lymph  may  be  lost.  Most  important  and  also 
most  dangerous  is  the  rupture  of  the  thoracic  duct,  which  occurs  sometimes 
as  the  result  of  traumatism,  and  occasionally  as  a  result  of  an  obstruc- 
tion to  the  lymph-flow  at  some  point  in  the  lumen  of  the  duct  (after  in- 
flammation or  in  the  course  of  the  growth  of  tumors).  The  lymph  is 
poui-ed  out  into  the  thoracic  or  abdominal  cavity,  giving  rise  to  a  chylotis 
hydroihorax  or  a  chylom  ascites,  or  in  Aery  rare  cases  to  a  chylopericardium. 

In  very  rare  cases  it  happens  that  the  urine,  as  it  comes  from  the  bladder,  has  the 
appeamnce  of  a  milk-white,  or  a  yellowish,  or,  tlirough  the  admixture  of  blood,  a  red- 
dish emulsion ;  and  contains  besides  albumin  a  large  quantity  of  finely -divided  fat- 
droplets.  This  phenomenon  is  known  as  chylufia.  It  occurs  as  an  endemic  disease 
in  certain  tropical  regions  (Brazil,  India,  the  Antilles,  Zanzibar,  Egypt)  where  it  is 
caused  by  a  parasite,  the  Filana  BaJicivfti,  which  inhabits  the  lymph-vessels  of  the 
abdominal  cavity  and  there  produces  its  embryos  {Filaria  sariffuinis) ;  these,  during  the 
repose  of  the  patient  in  a  horizontal  position,  swarm  in  great  numbers  in  the  blood, 
and  are  also  found  in  the  chylous  urine.  The  connection  between  the  chyluria  and  the 
invasion  of  the  lymph -vessels  has  not  yet  been  satisfactorily  demonstrated  by  anatomi- 
cal investigations;  but  it  is  probable  that  the  chyle-like  fluid  does  not  come  from  the 
blood  and  through  the  kidneys;  but,  as  a  result  of  the  obstruction  in  the  lymph-circu- 
lation, chyle  escapes  from  ruptured  lymphatics  of  the  bladder  and  mingles  with  the 
urine  {Scheube,  Orfimm).  In  corroboration  of  this  view  is  the  fact  that,  at  autopsy,  the 
abdominal  lymphatics  exhibit  marked  dilatation  {Ilavelburg),  wliile  the  kidneys  are  but 
little  changed;  and  further,  according  to  an  observation  made  by  Havelhurg,  the  urine 
obtained  from  the  ureter  showed  no  admixture  of  chyle,  though  chyluria  was  present 
at  the  same  time. 

The  anatomical  cause  of  the  non-parasitic  chyluria  is  still  un- 
known. 
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CHAPTER  V. 

Retrograde   Disturbances  of  Nutrition  and  Infiltra- 
tions of  the  Tissues. 

I.  General  Considerations  Concerning  tlie  Retrograde  Disturbances 
of  Nutrition  and  the  Tissue-Infiltrations. 

§  46.  The  retrograde  disturbances  of  nutrition  are  characterized  in  I 
general  by  degeneration  of  the  affected  tissue,  often  also  by  diminution  in 
size  and  disappearance  of  the  individual  tissue-elements,  the  functional  capac- 
ity of  the  tissue  being,  at  the  same  time,  lowered. 

The  tissue-infiltrations  are  characterized  essentially  by  the  deposit  in 
the  tissue  of  pathological  substances  which  have  either  been  formed  within 
the  body  or  introduced  into  it  from  without.  The  functional  capacity  of 
the  part  affected  is  likewise  usually  diminished.  The  infiltration  is  often 
only  a  result  of  preceding  degenerative  changes,  or  may  it^lf  cojistitute  the 
chief  feature  of  the  degeneration. 

Ketrograde  disturbances  of  nutrition  may  affect  the  body  in  its  fully  ^ 
developed  state,  or  during  its  i)eriodof  development  and  growth;  and  in 
either  case  may  lead  to  an  abnormal  smallness  of  the  affected  organ  or 
tissue.  In  the  former  case  the  diminution  in  size  is  due  to  a  disappear- 
ance of  the  individual  elements  of  the  affected  tissue,  and  is  designated 
atrophy.  In  the  latter  case,  on  the  other  hand,  it  is  due  to  a  defective 
development  of  the  affected  organ,  as  shown  by  a  more  or  less  rudimen- 
tary condition  of  its  elements.  If  in  this  way  an  organ  or  a  part  of  an 
organ  wholly  fails  of  development,  so  that  it  is  totally  absent  or  at  least 
is  represented  only  by  its  rudimentary  anlage,  the  condition  is  designated 
agenesia  or  aplasia.  But  if  the  development  of  the  affected  part  is  of  a 
certain  degree,  yet  not  reaching  the  normal,  the  condition  is  known  as  I 
hypoplasia. 

The  causes  of  agenesia  and  hypoplasia  are  partly  intrinsic,  and 
partly  extrinsic — ^that  is,  the  stunting  and  imi)erfect  development  of  an 
organ  may  depend  as  well  upon  a  pathological  condition  of  its  anlage, 
as  upon  external  injurious  influences  which  may  affect  the  developing 
part.  The  disturbance  of  development  may  further  affect  either  the 
whole  body  or  only  a  part  of  the  Siime.  In  the  first  ciuse  there  results  a 
dwarf;  in  the  second,  a  stunting  of  individual  parts  or  organs. 

The  causes  of  the  tissue-degenerations  and  the  associated  atrophy! 
are  for  the  greater  part  to  be  found  in  extrinsic  harmful  influences  to  I 
which  the  tissues  are  exposed  during  life ;  but  atrophy  may  also  depend  | 
upon  intrinsic  conditions.     This  latter  is  particularly  the  case  when  the 
tissues  in  old  age  reach  their  physiological  limit  and  gradually  become 
incapable  of  properly  nourishing  and  preserving  themselves.     In  many 
tissues  a  similar  retrograde  change,  due  to  intrinsic  causes,  occurs  earlier 
in  life,  as,  for  example,  physiologically  in  the  ovary  and  thymus. 

As  extrinsic  harmful   influences  which   may  lead  to  degenerations 
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should  be  considered  all  those  agencies  mentioned  in  Chapter  I.  Dis- 
turbances of  circulation,  lack  of  oxygen  and  food  supply,  and  intoxica- 
tions play  a  very  important  r61e.  In  the  majority  of  cases  degenerations 
are  localizedy  so  that  we  may  speak  of  degenerations  of  special  tissues 
or  of  special  organs.  Kot  infrequently  the  disturlMinces  of  nutrition 
are  more  general,  so  that  the  entire  organism  suffers.  Thus  the  picture 
of  a  general  disease  may  be  produced  by  a  degenerative  or  atrophic  con- 
'  dition  of  the  blood — that  is,  a  diminution  in  the  number  of  red  blood- 
cells  (oligocytha^mia),  at  times  also  a  deficiency  of  hsemoglobin  (chloro- 
sis), so  that  a  permanent  condition  of  insufficient  bloc^-suppiy  or  a 
general  anasmia  is  produced,  the  nutrition  of  the  body  being  corre- 
spondingly impaired. 

As  the  result  of  a  diminished  ingestion  of  food,  or  of  disturbed  me- 
tabolism, and  of  an  increased  waste  of  the  proteids  and  fats  of  the  body, 
there  may  result  a  condition  of  general  emaciation  and  weakness,  often 
associated  with  anaemia,  a  wasting  of  the  entire  body,  which  is  designated 
cachexia  or  marasmus.  If  under  such  circumstances  it  appears  likely 
that  certain  substances  are  formed  in  the  body,  which,  when  taken  up 
into  the  blood  and  tissue  juices,  cause  a  contamination  or  alteration  of 
these,  the  condition  may  be  spoken  of  as  a  dyscrasia. 
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II.  Death  of  the  Ors^anism. 

§  47.  All  life  comes  sooner  or  later  to  an  end — to  death.  When  this 
occurs  at  an  advanced  ago,  without  preceding  well-defined  symptoms  of 
disetise,  it  may  be  regarded  as  a  normal  termination  of  life.  This  oceur- 
i-euce  may  be  attributed,  at  k^ast  in  pait,  to  the  fact  that  the  functions  of 
cei'tain  organs  necessary  to  the  maintenance  of  life,  become  discontinued 
as  the  result  of  intrinsic  causes;  although  in  most  cases  it  is  impossible 
to  exclude  the  action  of  extrinsic  inHuenccs  In  helping  to  bring  about 
the  cessation  of  function  of  the  organs  in  question. 

Wlien  death  occurs  prematurely — that  is,  at  an  age  earlier  than  the 
average  age  of  death  in  man— and  when  preceded  by  symptoms  of  dis- 
ease, it  must  be  ivgarded  as  a  pathological  i)henomenon.  Its  occurrence 
under  these  circumstances  is  for  the  most  part  referable  to  demonstrable 
extrinsic  influences,  but  at  times  may  be  dependent  also  upon  intrinsic 
inherited  causes.  It  is  obviously  imp()ssil)le  to  draw  any  sharp  line  of 
separation  betwiK^n  i)hysiological  and  pathological  death. 

The  causes  of  premature — that  is,  pathological — death  are  to  be  found 
in  those  influences,  which  have  been  discusstnl  in  Chapters  I.  and  11.  as 
the  caUvSes  of  disease. 
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An  individual  is  to  be  regarded  as  dead  when  all  of  his  functions 
have  forever  ceased.  Death  is  inevitable  at  that  instant  in  which  one  or 
more  of  the  functions  imperatively  necessary  to  life  has  ceased,  though 
it  is  not  necessary  that  at  that  moment  all  the  functions  should  have 
ceased.  Indeed,  it  often  happens,  that  after  life  is  irretrievablj-  lost, 
many  organs  are  still  capable  of  performing  their  function,  and  it  is 
only  after  a  certain  time  that  all  the  organs  die.  The  life  of  the  organism 
passes  gfaduaUyy  by  progressive  cessation  of  the  functions  of  its  different  or- 
gans, ifUo  the  state  of  death. 

GesssUion  of  the  functions  of  the  heart,  lungs,  and  nervous  system 
results  in  an  immediate  death  of  the  entire  organism.  Cessation  of  the 
functions  of  the  intestines,  liver,  or  kidneys  leads  inevitably  to  death 
after  a  certain  length  of  time,  often  measured  by  days.  Destruction  of 
the  sexual  glands  does  not  endanger  the  life  or  health  of  the  affected  indi- 
vidual, and  likewise  man  may  also  spare  one  or  more  of  his  organs  of 
special  sense. 

The  occurrence  of  death  is  usually  determined  by  the  last  recogniz- 
able efforts  at  respiration  and  by  the  stoppage  of  the  heart.  With  the 
cessation  of  respiration  it  is  impossible  for  any  organ  to  remain  alive 
after  a  certain  short  period.  The  stoppage  of  the  heart  likewise  makes 
impossible  any  further  nourishment  of  the  tissues,  in  consequence  of 
which  the  central  nervous  system  very  quickly  becomes  unable  to  con- 
tinue its  functions. 

After  death  the  body  may  present  a  variety  of  appearances.  The  aspect  of  the 
oxtemai  visible  portions  is  largely  dependent  upon  the  distribution  of  the  blood  at  the 
time  of  death.  An  abundant  supply  of  blood  in  the  skin  gives  it  a  blue-red  color, 
x^nsemia  gives  it  a  pale  color.  Further,  the  preceding  disease  may  alter  the  external 
i^ppearance  of  the  body  in  different  ways. 

Within  a  certain  time  after  death  various  changes  occur  in  the  tissues  of  the  body, 
v^-hich  in  part  may  be  regarded  as  the  absolute  signs  of  death.  In  the  first  place  the 
temperature  of  the  hotly  falls,  sometimes  rapidly,  at  other  times  slowly,  until  it  reaches 
t:he  temperature  of  the  surrounding  air.  It  must  be  borne  in  mind,  however,  that  the 
tremperature  at  times  does  not  begm  to  sink  immediately  after  death,  but  first  rises 
a-somewhat.  The  rate  of  cooling  of  the  body  depends  partly  upon  the  character  of  the 
KKxiy  itwlf,  and  partly  upon  the  nature  of  its  surroundings.  The  time  required  may 
"Vary  from  one  to  twenty-four  hours. 

The  coldness  of  the  dead  body  is  termed  algor  mortis. 

At  the  time  of  death  the  skin  for  the  greater  part  becomes  pale;  but  after  six  to 
t-welve  hours,  sometimes  earlier,  bluish-red  spots  appear  on  the  skin  over  the  dependent 
^rts  of  the  body.  These  are  known  as  the  deatk-spots  or  livores  mortis  (vost-nwrtem 
fii/po8ta9is),  and  are  due  to  the  local  accumulation  of  blood  in  the  veins  ana  capillaries 
of  the  more  dependent  portions.  They  are  not  found  in  those  parts  of  the  body  sub- 
jected to  the  pressure  of  the  weight  of  the  body.  Their  number  and  size  depend  upon 
the  amount  of  blood  in  the  skin  at  the  time  of  death.  Parts  which  have  been  cyanotic 
during  life  may  retain  this  appearance  after  death,  especially  the  head,  fingers,  and  toes. 
The  color  of  post-mortem  hypostasis  is  usually  blue-red;  the  intensity  of  the  color 
A'aries;   in  cases  of  poisoning  with  carbon  monoxide  it  is  a  bright  red. 

The  weight  of  the  body  causes  fiattening  of  those  muscular  parts  upon  which  it 

rests.  ,  .  *     1  11  1 

Sooner  or  later  there  occurs  a  stiffening  and  contraction  of  the  muscles,  due  to  the 
coagulation  of  the  contractile  substance  (Bntecke,  Kiihne).  This  is  known  as  the 
cadaveric  stiffening  or  rigor  mortis.  It  usually  comes  on  about  four  to  twelve  hours 
after  death,  but  may  occur  almost  imme<liately  or  as  late  as  twelve  to  twenty-four 
hours.  It  begins  usually  in  the  muscles  of  the  jaw,  throat,  and  neck,  and  extends 
from  them  to  the  trunk  and  extremities.  After  twenty-four  to  forty-eight  hours  it 
usiially  vanishes,  but  under  certain  conditions  may  persist  for  several  days. 

Rigor  mortis  affects  also  the  smooth  muscle  fibres;  and  the  contraction  of  these 
in  the  skin  gives  rise  to  the  so-called  goose-flesh  of  the  cadaver. 

The  decomposition  of  the  cadai^r  begins  with  the  disjippearaiice  of  the  rigor  mortis. 
Its  occurrence  is  shown  partly  by  the  odor  of  putrefaction,  partly  by  changes  of  color 
in  the  skin  and  mucous  membranes,  and  through  changes  in  the  consistence  of  the 
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tissues.  The  commencement  and  progress  of  putrefaction  depend  partly  upon  the 
condition  of  the  body-nutrition  and  the  nature  of  the  disease  preceding  death,  partly 
upon  the  conditions  of  the  surroundings,  especially  the  temperature.  Not  infrequently 
putrefaction  may  occur  in  local  dead  areas  of  the  bodjr,  even  before  death  of  the  body  as 
a  whole.  When  putrefactive  bacteria  are  present  in  the  body,  decomposition  of  the 
cadaver  may  begm  immediately  after  death. 

As  an  early  sign  of  decompositon  there  is  usually  present  a  greenish  discoloration 
of  the  skin,  appearing  first  over  the  abdomen.  With  the  progress  of  putrefaction  the 
unpleasant  odor  and  discoloration  increase;  and  gases  are  formed  in  the  intestine, 
later  in  the  blood  and  in  the  tissues,  which  at  the  same  time  become  soft  and  friable. 

Shortly  after  death  the  cornea  becomes  lustreless  and  cloudy y  the  eyebaU  loses  its 
prominence,  and  dark  spots  appear  in  the  sclera,  which,  gradually  increasing  in  size, 
beconie  confluent.  These  changes  are  due  to  evaporation  and  decomposition.  If  the 
eyelids  are  not  closed,  the  uncovered  }>orti'ons  of  the  eyeball  show  the  results  of  drying. 
Whenever  the  skin  has  lost  its  epidermis  the  expose<l  tissues  undergo  desiccation. 

If  all  of  the  phenomena  of  life  be  reduced  to  a  minimum,  there  may  result  a  condi- 
tion of  apparent  death  which  may  be  mistaken  for  real  death.  Though  post-mortem 
hypostasis,  rigor  mortis,  and  putrefaction  are  unmistakable  evidences  of  death,  these 
changes  may  not  take  place  until  some  time  after  death,  so  that  an  interval  is  left  dur- 
ing which  it  may  under  certain  conditions  be  doubtful  as  to  whether  death  has  actually 
occurred.  To  ascertain  the  true  condition  under  such  circumstances  it  must  be  de- 
termined by  appropriate  examination  whether  the  heart  still  beats,  whether  respiration 
still  takes  place,  whether  the  blood  still  circulates,  and  whether  the  nerves  and  muscles 
retain  their  irritability. 

Conditions  which  are  designated  as  apparent  death  occur  under  a  variety  of  cir- 
cumstiinces,  as,  for  example,  in  individuals  suffering  from  cholera,  in  cases  of  cata- 
lepsy, hysteria,  aft<?r  excessive  bodily  exertion,  violent  concussion  of  the  central  ner- 
vous system,  after  severe  hemorrhage,  suspension  of  respiration  through  hanging, 
stmngulation,  or  drowning,  in  certain  cases  of  poisoning,  after  lightning-stroke,  after 
prolonged  exposure  to  cold,  etc.  The  duration  of  this  condition  is  usually  only  short, 
but  may  occasionally  be  extended  over  several  hours  or  even  days. 

According  to  tlie  investigations  of  Fuchs  C*  I'eber  Todtenstarre."  Zeitschr.  f  Heil- 
kunde,  1900),  the  heart  is  the  first  muscle  to  show  rigor  mortis,  this  or^an  being 
affected  at  a  time  (in  animals,  aft^r  three  to  five  hours)  in  which  rigor  mortis  cannot  be 
demonstrated  in  any  of  the  skeletal  muscles. 


III.  Necrosis. 

§  48.  The  condition  of  local  death,  or  death  of  individual  cells  or 
groups  of  cells,  is  known  as  necrosis.  As  the  result  of  necrosis  the 
functions  of  the  affected  tissue  ai'e  forever  lost. 

The  necrosis  of  a  cell -group  or  of  an  entire  organ  is  only  under  cer- 
tain conditions  immediately  associated  with  recognizable  changes  of 
structure.  The  slight  histological  changes  which  the  cells  undergo  dur- 
ing their  death  do  not  always  permit  us  to  determine  with  certainty  the 
exact  moment  of  cessation  of  life;  nor  does  the  macroscopic  appearance 
of  the  visible  portions  of  the  body  always  inform  us  when  a  i>ortion 
thereof  becomes  necrotic. 

Necrosis  is  therefore  evident  upon  anatomical  investigation  only  when 
certain  changes  in  structure  have  occurred,  either  coincidently  with  the 
death  or  subsequently  thereto.  Necrosis  is  shown  immediately  by  histo- 
logical changes  only  in  the  case  of  the  action  of  a  limited  number  of  in- 
jurious sigencie^s;  in  all  other  cases  the  necrosis  is  followed  by  such 
changes  after  a  longer  or  shorter  interval.  According  to  the  nature  of 
the  subsequent  tissue-changes  it  is  possible  to  distinguish  different  varie- 
ties of  necrosis. 

Histologiciilly  the  necrosis  of  a  cell  is  shown  in  the  first  place  by  the 
disintegration  and  disappearance  of  the  nucleus,  whereby  the  chromatin  of 
the  cell — that  part  taking  nuclear  stains — forms  small  clumps  and  gran- 
ules which  at  times  pass  out  from  the  nucleus  into  the  cell -protoplasm, 
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where  tbey  heroine  disHolved  and  disiippeiU"  (lan/orrheTiH).  At  other 
timers  the  iinrh_*ns  before  its  disMppeanuH*e  sl»ow8  mf/nn  of  ahnnJduff,  and 
in  thiH  condiliini  takes  the  luirlrar  stuiii  ititM-e  dt'e|fly  than  under  iit>njial 
coiiditioihs  {pt^kno^h).  lu  other  eases  the  iiurli'us  vfUttuH  itn  form  hut  loars 
i7.f  stainhiff  potvn*  with  nurh'ttr  stfihiti,  autl  then  dissolves  and  disitjijiears 
(Fiji,  -^^t  f,  *^U  so  that  tii  welMixed  and  stained  [jreparatirais  no  traee 
whatever  of  the  nneleus  e;in  be  fiuind  (kartfifh^fti.s),  Tims,  t\*r  example, 
in  au  aiiieniie  infaret  ot'  the  spleen  or  kidney  eaiised  by  arterial  enilmbsni 
the  ntielei  of  the  spU-ea  and  kidney  cells  are  lost  xery  soon  aflrr  the 
death  of  the  tissae  (Fi^.  36,  e,  tJ,  J\  ff)-  At  the  same  time  the  alfeeted 
area  l>e€Oniej!*  strikingly  pale»  eloudy,  yeHowish- white,  or  eream-eolored  ; 
sM^i  that  the  oeeurreoee  of  the  necrosis  may  be  reeo^^^ni zed  by  the  naked 
eye. 

The  praiopUmm  of  the  dying  cells  sooner  or  later  also  iinilergoes 
hfiHfp'fi,  which,  aecordinj^  to  I  he  mode  of  deatb,  may  in  some  easi*s  l»egin 
^*fore  tlie  cells  die,  iir  in  ^ilheis  may  tak*^  place  onl^'  after  the  cells  are 
dKid.  The  kind  of  ehani^e  is  dependent  upon  three  faelors:  the  nature 
of  the  cells  themselves,  the  character  of  the  destinctive  iidlnenee,  and 
the  amount  and  character  of  the  fluids  sorronndiiif^  and  iidlltratiu^  the 
cells.  Amo*boiil  ct*lls  usually  lussume  n  fflohitktr  form  aflcr  dralh.  Deli- 
cate and  only  slij^htly  nuHliiied  cell  hntli*\s,  rich  in  protoplasm,  often 
^become,  lx*fore  or  after  deatli,  markedly  f/nvinhit%  less  frequently  homo- 
fff'tt*ot(M  and  himpff  (Fig.  ^.'i,  c, 
and  Fig.  'M\,  r).  Through  the 
taking  up  ufllnid  the  pri>to|>lasm* 
or  **v<Mi  the  nnclt'us  may  iMH'Hme 
mt^Mrit  and  show  (bopn  itf  JiHid 
(mciuAe^);  and  this  may  Ipjid  to 
br»*aks  In  tlu^  continuity  of  the 
pn  il  o  pi  asm  ( pfnxm  thsrh  inh ) .  N  t>t 
infret|uently  as  ji  result  of  plas- 
luoschisis /) CM "//(*// w  of  fht^rtffmttif 
mhe  fwinith'tl  ov  C$1  f  o(f'  htf  ntitMtrir- 
fhii.  The  ultimate  end  of  all 
these  elianges  is  the  iiiHintrtp'n- 
thn  iff  the  protophtHni  mid  the 
nudruH  into  f/rttnttlHr  mumtx,  this 
process  iHdng  often  jiccompanied 
by  a  fornuition  of  fat. 

iVlls  which  nonnaUy  undergo 
a  marked  transformation,  as  is 
tthe  cas4'  with  cells  slunviug  cor- 
^nifiration,  usually  prvsent  less 
61  riking  changes;  y«4  even  thrse 
may  swell  and  finally  tn^coiiie  dissi»lvrd.  The  morphfdogieal  changi?s 
in  dea<l  cells  are  the  least  ]»ronouneed  when  the  dviug  rells  bee^nue 
morr  nnulrtm^il  ami  fin/  i  hiKpimafwn  ).  In  this  ease  tlie  cidls  only  become 
sniaUer,  yet  it  is  often  H*en  that  after  the  loss  of  the  nucleus  the  cells 
become  changed  into  hnttptf  mmsrH. 

The  injuriiuis  inllneuc^^s  whieh  may  give  rise  to  necrosis  may  be 
divi«h*d  int<»  live  grou|>s.  The  first  twiv  inebule  thosi^  which  desJn^y  the 
tissue  dirertlv— mechanical  and  chemical  forces*  A  third  group  of 
injurious  influences  comprises  those  of  a  thermal  character.  The 
elevation  of  the  temperature  of  a  tissue  to  r>4--tiS    (\  for  any  length  of 


m'^n 


Fio.  35.— N&TtwIs  of  ihp  et»lthflUim  of  the  tirlDiiry 
tubulf^  In  kitfrtiM  itrravis.  (M  til  Iter's  fluid,  (r«''nrlaQ 
violet.  I  (7,  NtHtojil  run V( si II ted  lutmlp;  Ik  a.st^^tiiHnir 
pt>rtJon  *^J  the  l<xtp  ;  c\  i'i.>ii%'i»luti.f  i  Oiimki  witli  nt^'rutie 
epitiii^lhJiT] ;  d,  i\)iiVo\uiiHl  tuhulu  wU^i  only  a  part  ut 
lu  epjUiellum  ow  rutk;  f*  nommJ  stroitui  with  blocxl* 
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time  If^ads  to  its  death.  TTi^her  temponttures  ju^t  more  qiiii'kly*  Be- 
fri^iemtioii  to  liiw  temperatutvs  likewist*  vnn  be  home  but  a  short  time. 
A  fourth  group  is  eauscMl  by  infection  with  animal  or  vegetable  para- 
sites. A  lifth  group  is  eaiised  liy  a  cessation  of  the  supply  of  nourish- 
metit  and  oxygen  to  the  tissues,  aud  is  kiiovvu  an  anaemic  necrosis  or 
local  asphyxia  (Fig,  3ti). 


■rf*  .  '  I"     .   *    »  •*     im 
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Fro.  (W— Froro  the  edpc  nf  nn  antrmfc  Infarct  of  t!iR  tTinpy.  (MflUfr*s fltild,  TwemHtoxylin,  ;ni«i  ^^s\n.) 
0,  \unna1  kidney  tis-Hut* ;  n,,  nnrinul  kidniy-uihiilti^  uith  **mimtt  inniirnlt^  wtth  leticwyti-;*;  /i,  ttomial 
ftltimcniitjiiii ;  r,  iiern>tJr  tlssnie  wilh<ml  niic  Itsl,  a]:u>wliijf  ifraiiutur  rtioffulu  in  I h**  tut>tile$<i ;  (7,  nfori»tii'  tcwollen 
ffltimeraliift  with  Ifw  ouelel ;  i\  ui\mlt^  wlthntii  iiin-lei  lu  a  slmiuii  »UI1  c«»iitiUrilng  nuclei ;  /,  wwixttlc  U»ue 
wltU  celluliir,  y,  wltlj  h«?myrrljtijurlt'  iullliraUon*    >  50, 

All  those  factors  which  serioushf  affect  the  eirculatian  mthin  anif  pttrt 
and  lead  to  estoppage  of  the  blood -mpp!if — such  as  thrombosis*  emb4»lisjii, 
closure  of  a  vessel  as  a  result  of  eiujlinued  abuornuii  eoutraetiou,  dist*iise 
of  the  vessel- walls,  or  ligation,  pressure  outbetissiu%  iiitlammatioii,  hieui- 
orrhage,  ete.»  may  lead  to  neerosig  of  tissue.  Not  oidy  a  ]»eruja)ieijt 
cessiition  c»f  Ihe  eireulatiou,  but  also  a  teuij horary  stoppage  of  the  s;ime 
lasliug  l>eyoiid  a  eeriaiii  titue,  leads  to  the  death  of  the  alTeeted  tissue. 
Wh  (Mil  e  r  o  r  u  ot  h  ie  m  o  r  r  1  iiige  oee  u  i-s  in  s  u  eh  eases  is  i  lu  m  ate  rial ,  as  was 
state«l  iu  §  44,  and  iuilueuces  only  the  appearance  of  the  affected  part. 
Hwmorrhagic  ififarction  has,  therefoi^e,  preeisely  the  same  siguiticance  as 
au  (UiWifitc  iteenmH  a^sHodated  wfth  hwmorrhage, 

Wlieii  death  follows  i^uickly  upon  the  action  uf  an  injurious  sigeut, 
it  is  spoken  of  as  direct  necrosis*  When  it  occuns  slowly  and  is  pre- 
ceded by  di  tie  rout  tissue -degenerations  it  is  designated  indirect  necrosis 
or  necrobiosis. 

Methanical,  cliemical,  tliermal,  aud  Infectious  soui-ces  i>f  injury,  as 
well  :ls  auccmia,  may  «ict  etni»ndently,  or  si^parately,  one  after  the 
otiier.  When  the  tissue  is  dauiaged  by  any  one  of  the  iirstuameti 
group  of  injurious  iullucnces,  the  blood  itself  veiy  often  suffei-s  a 
change,  which  leads  to  stasis  and  coagulation  in  tlie  capillane^s,  as  well 
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iis  in  the  veins  and  arteries,  and  in  this  way  the  circulation  may  be 
arrested. 

Whether  or  not  a  given  injury  will  cause  necrosis  of  the  tissue  de- 
pends, not  only  upon  its  nature  and  severity,  but  also  chiefly  upon  the 
condition  of  the  tissue  at  the  time  of  the  injury.  A  tissue  whose  vital- 
ity has  already  been  lowered  as  the  result  of  long-continued  disturbances 
of  circulation,  general  marasmus,  hydrsemia,  changes  in  the  composition 
of  the  blood,  ete.,  dies  more  easily  than  when  in  a  normal  condition.  In 
severe  cases  of  typhoid  fever  relatively  slight  pressure  on  the  trochanters, 
elbows,  sacrum  or  heels,  etc.,  may  suffice  to  bring  about  a  gangrenous 
necrosis  of  the  skin  and  subcutaneous  tissues.  Such  forms  of  necrosis 
are  known  as  marasmic  necrosis  or  marasmic  gangrene,  and  as  decu- 
bitus or  decubital  necrosis. 

The  course  of  necrosis — that  is,  the  tissue-changes  resulting  from  the 
death  of  cells — is  dependent  upon  the  character  of  the  affected  tissue,  its 
location,  the  manner  of  its  death,  and  the  cause  of  the  necrosis.  Further, 
the  amount  of  lymph  and  blood  in  the  tissue,  and  the  opportunity  afforded 
for  the  access  of  air  and  putrefactive  organisms,  also  exert  a  very  im- 
portant influence.  Tissue-changes  which  preceded  the  necrosis,  such  as 
fsity  degeneration,  inflammation,  haemorrhage,  etc.,  are  also  of  signifi- 
cance in  determining  the  character  of  the  necrosis. 

As  the  result  of  the  necrosis  of  a  certain  tissue-area,  there  always 
develops  an  inflammation  of  greater  or  less  inteumty  in  the  surrounding  tissues 
(Fig.  36,  /).  This  rejvctive  inflammation  is  most  marked  when  the 
necrotic  area  becomes  gangrenous.  Through  the  formation  of  an  inflam- 
matory zone  the  necrotic  area  becomes  marked  off  from  the  surrounding 
tissue,  and  is  isolated  or  sequestrated ;  this  process  is  spoken  of  as  a  se- 
questrating or  limiting  inflammation,  and  the  dead  area  thus  shut  off  is 
called  a  seqneMrum.  A  more  detailed  description  of  these  inflammatory 
processes  will  be  found  in  Chapter  VII. 

Five  chief  sequelae  of  necrosis  may  be  distinguished :  1.  The  dead  tis- 
sue may  be  removed  by  absof-ption,  or  may  be  east  off  from  the  surface,  and 
its  place  taken  by  normal  tissue  {regeneration).  2.  The  dead  tissue  is  simi- 
larly removed,  but  instead  of  the  normal  tissue  being  restored,  the  defect 
is  filled  wholly  or  in  part  by  the  formation  of  connective  tissue,  the  so- 
called  cicatricial  tissue.  3.  The  necrotic  tissue  is  cast  off  or  liquefied, 
the  defect  is  not  filled  in.  and  there  remains  an  ulcer.  Should  this  heal 
without  regeneration  of  the  lost  tissue  there  remains  a  defect.  4.  The 
necrotic  tissue  is  partly  absorbed,  but  a  portion  remains  as  a  sequestrated 
necrotic  mass  which  notinfrequently  later  becomes  calcified  aud  surrounded 
by  a  connective-tissue  capsule.  5.  The  fifth  sequela  of  necrosis  is  cyst  for- 
mation. The  necrotic  area  becomes  encapsulated  by  connective  tissue, 
the  dead  tissue  becomes  absorbed  and  is  replaced  wholly  or  in  i>art, 
usually  at  the  periphery,  by  new  tissue,  or  it  may  be  liquefied,  and  the 
space  filled  with  fluid,  forming  a  cyst.  This  se([uela  of  necrosis  occurs 
most  frequently  in  the  brain. 

By  many  writers  there  is  recognized  besides  these  forms  of  necrosis  an  especial 
group  designated  as  neuropathic  necrosis,  that  is,  a  necrosis  resulting  from  a  lesion 
of  the  central  or  peripheral  nervous  system.  By  some  the  esssential  cause  of  such 
necrosis  is  referred  to  a  lesion  of  the  trophic  nerv^es.  while  others  refer  it  to  disturbances 
of  circulation,  continued  pressure,  and  mechanical  injury  of  anaesthetic  and  paralyzetl 
portions  of  the  body.     According  to  observ^ations  thus  far  made  upon  men,  as  well  as 
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upon  experiruents  in  aniniMls.  ftxlenial  injuries  am!  (li*5tutliaiiees  of  the  eirctilation 
play  the  most  imporUint  r6l<?  in  the  profhictioti  of  thi.s  funii  of  necrosis*  and  can  never 
be  wholly  excliKlfd. 

The  time  mpiircil  to  kill  tisi^ijc  by  tlif*  ^'hivttmg-ofT  of  the  circulation  varies  with 
tiip  tlifTcmit  tiHsues,  (ItinuUoii-celJs.  kidney  epithelimn,  and  liver-colLs  die  in  two 
hours,  while  surface  epitheliuni  nni  coxinective  tissue  may  h've  for  twelve  hours  or 
longer.  Epitlermis  untler  certain  conditions  nmy  reniain  alivi*  ftir  a  number  of  tlays, 
ant  I  still  nUain  its  power  of  proliferation  (see  TransplHiitatioii). 

Karyorrhexiii.  karyo:ya\s,  and  tissue  liquefacticm  occur  also  in  putrefaction. 
Tissue  preserved  untler  a^^eptic  precautions,  tmd  prt^tected  from  bacteria  in  moist 
clmnd>ers  at  the  bur ly- tern peratiir-e.  also  loses  its  nuclei.  Liver- tissue  sbosvs  this 
chance  most  rapidly  and  eoninleiely,  the  tissues  of  the  spleen  and  kidney  more  slowly 
and  less  comjdetely,  so  that  all  nuclei  may  not  have  disappeared  after  eipht  to  ftuirteen 
days.  Tlie  disitppcii ranee  of  the  nucleus  occurs  ordy  in  (he  presence  of  a  relatively 
abundant  supply  of  fluid,  and  may  be  prevented  by  desiccjitiou  of  the  tissue. 


1 
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§  49.   A  wording  to  the  various  conditions  in  wbicli  tlie  tisanes  may 
Iw  Ununl  sitter  liiey  have  died,  four  chief  forms  of  necrosis  niiiy  l>e  distin- 
guished :  rmtf/ tt hi f iou  ttrr^ 'o.v ts,  c< i fit Hf i n /^  / /// n if ti ( i io u-ttf r i ths is,  an <  1  //f t ntf ren e. 
Coagulatton-necrosis  (Wei^ert,  OdmLeijii)  is  cbiuaetet'ized  by  the 
oeetti'teuee  of  eoit^tjlatioii,  either  eximreJbdm\  in   the  fluids  about   the 

cells;  or  iniraeelluhr,  in  the  latter 
<*:ise  kniiliu^  to  ]MH'uliar  changes  with- 
ill  the  cells. 

As  cfMtf/ulatiofini'croHt-s  if^ith  extra- 
f^eUitlar  eoiuftilatitnf  mny  in  the  first 
phiee  b<^  reg!ii'<led  both  the  intni- 
\asenlur  (  Fi^s.  lt-17)  and  the  ex- 
tra vjise  id  a  r  roatfufitthiu  of  ffif*  hftfmi^ 
inasmuch  as  Uiis  iilieuomeiiou  may 
l>e  regarded  as  the  death  of  the 
Idood;  and  in  fat*t  a  destruction  of 
eidls does  ocnir.  P^urtlier,  there  luay 
l>e  consideicd  as  belonging  to  thi.s 
tdass  l!ie  various  tonus  of  riiaguhitiou 
wirndi  occur  in  jjilhitnniations,  partly 
(HI  the  surbye  and  iJailly  in  the  in- 
terior of  the  tissues  (see  C'liupler  VIL  ) ;  and  which  atn*  characterized  by 
tlie  fnrmatiou,  in  s^)me  casi^s,  of  stringy  fibrin  (Fig.  M7),  in  other  cases 
by  tlie  format ii»n  td*  granular  or  hyaline  ma,^st»s  of  C(»agula, 

httnirflft(htr  roaffuffrtion  occurs  wluui  deati  cells  or  eel  I  prod  nets  are 
intiltridod  with  a  tibrinogeti-coiitaining  lyinplu  The  cells  lose  thidr  nu- 
chd,  ]nes<-iit  either  agranular  (Fig.  :ir>,  f\  if,  and  Vvj:.  'M,  f\  ff,  r)  or  a 
liyalino  lumpy  a|ip(nirance,  Tht'V  n*niain  in  this  condition  for  a  certain 
time  and  then  bristk  dt^vvn  into  granules  ami  become  tlissolved. 

This  phenomenon  is  most  fretiuiMitly  ^dis^ovcd  in  anfcniie,  toxic,  ami 
thermai  tissue- necroses  us  for  example,  iti  aineniic  infarcts  of  the  kidney 
(Fig.  ;j<;)  and  of  the  sideeii,  also  in  many  inthun  mat  ions  which  an*  asso- 
ciated with  marked  inMUration  of  the  tissues  (  Kig.  :i7),  due  to  ^-xndation 
from  the  blond -vessels.  In  the  necrosis  <^f  striped  muscle,  which  is  of 
xi^ry  fr*'(pient  occurrence  in  typhoitl  finer,  the  contractile  substance 
ac^juires  a  hyalitie  waxv  appearance  and  breaks  up  inio  hyaline  lumps 
(Fig.  .%S,  b),  ^ 

Th*i  uiM-rotic  tissue  itf  auaunit^  inlarcts  looks  pale  yellowish-wtiite,  or 
cream -colored,  Miisides  contaiiting  many  dea*l  fibrrs  in  a  slab*  rd'  hya- 
line coagulati<vn  arc  pale  red,  and  of  a  dtill  Itistip.  rt^sembling  lish-fiesh. 


y\a.  aT.— C<i*MfulaUttfj-nHvmab4  In  the  interior 
of  n  (frciitly  swollen  niesenUTln^  lymph-prlHWd. 
trtmi  a  aiiH*  of  typhoid  f**ver.  (AU'jiiljnK  nisrln 
»uiin,>     Network  at  ubhii  lit"twe»/n  tho  uc'<'r»iU(' 
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Fig.  38.— Hyaline  necrosis  or  waxy 
degeneration  of  miiscle,  from  a  case  of 
typboid  fever,  a.  Normal  muscle-flbre ; 
b,  degenerated  fibres,  whicb  bave  broken 
up  into  byaline  lumps ;  c«  cells  lying  wltb- 
in  tbe  sarcolemma ;  d,  connective  tissue 
infiltrated  wltb  celb.    X  25a 


Inflamed  tissues  undergoing  coagulation  necrosis  are  likewise  cloudy, 
opaque,  and  grayish -white;  but  the  color  may  undergo  marked  changes 
through  the  admixture  of  blood  or  the 
imbibition  of  bile,  as  in  the  intestine,  for 
example. 

The  structure  of  a  tissue  which  is  the 
seat  of  a  coagulation-necrosis,  may  still 
be  clearly  recognized  if  only  the  more  del- 
icate parts  have  been  destroyed.  When 
all  parts  have  been  changed,  the  entire 
tissue  may  be  converted  into  a  structure- 
less, hyaline,  or  granular  mass,  containing 
no  nuclei  or  but  few.  This  change  takes 
place  very  often  in  the  necrosis  of  in- 
flamed tissues  which  are  infiltrated  with 
exudate.  Through  the  proper  treatment 
of  preparations  there  may  be  frequently 
demonstrated  in  these  necrotic  areas  an 
intercellular  stringy  fibrin;  this  is  seen 
t  occasionally  in  ansemic  infarcts,  but  more 
'  often  in  inflammatory  tissue  -  necroses 
(%37). 

Caseation  is  a  form  of  necrosis  closely 
'^'^ed    to   coagulation-necrosis,    and    is 
<*^afacterized  by  either  a  hard  or  a  soft 
f  ^?^'  appearance  of  the  necrotic  area.     In  the  first  case  the  dead  tissue 
^  ^ike  firm,  yellowish-white,  hard  cheese,  or  similar  to  raw  potato ;  in 
^  second  case  it  is  white,  soft,  sometimes  drj%  sometimes  moist,  and 
^^  infrequently  resembling  thick  cream. 
.|     Typical  caseation  occurs  most  frequently  in  tubercles  and  represents 
J  ^  characteristic  end  of  the  retrogressive  changes  in  this  condition.     It 
^occurs  in  syphilitic  granulomata  and  in  very  cellular  tumors;  in- 
flammatory exudates  may  also  become 
changed  into  cheesy  masses. 

The  pro<'ess  of  caseation  of  cellular 
tissues,  which  is  a  characteristic  of  tu- 
berculous granulations,  takes  place  grad- 
ually, and  is  therefore  to  be  regarded  as 
a  form  of  necrobiosis.  The  cells  are 
changed  successively  into  non-nucleated, 
homogeneous,  lumpy  masses,  which  later 
disintegrate  and  break  up  into  a  gran- 
ular mass  (Fig.  39,  a,,  a).  At  the  same 
time  with  these  changes  there  often  ap- 
pears between  the  cells  a  hyaline  sub- 
stance, sometimes  forming  a  framework 
around  the  cells  or  at  other  times  more 
lumpy  or  granular,  and  fibrin-like — the 
_  so-called  ^\fihrinoid  substance, ^^     Typiea! 

fibriUated  fibrin  (Fig.  40,  a)  staining  deep 
blue  with  Weigert^s  fibrin  stain  is  often  also  present.  It  may  therefore 
be  assumed  that  both  substances  represent  coagulation-products  of  a 
fluid  which  has  escaped  from  the  blood-vessels. 

Through  progressive  cleavage  and  disintegration  of  the  dead  cells, 
the  fibrinoid  substance,  and  the  fibrin,  the  dead  tissue   is   ultimately 


Fks.  as.— Tissue  from  a  partly  caseated 
tobeimloiis  focus,  containing  bacllU.  (Al- 
tttaol,  fncbBln,  aniline  blue.)  a«  Granular ; 
«!,  hunpr  maiwffw  of  cheesy  material:  b, 
Ibroeelliilar  tissue;  c.  partly  necrotic  giant- 
ttU  cootainlng  tab«ncle  tacilU ;  d,  bacilli 
in  the  eellular  tissue :  e,  baciUl  In  necrotic 
/,  bedlll  enclosed   within  cells. 
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changed  into  a  finely  granular  mass,  in  which  no  traces  of  the  original 
structure  can  be  perceived. 

The  cheesy  metamorphosis  of  the  fibrino-oellnlar  exudate,  which  is 
found  especially  in  the  alveoli  of  the  lungs  in  the  neighborhood  of  tuber- 
cles, is  brought  about  similarly  by  the  disappearance  of  the  nuclei,  and 
the  dLsint^ration  of  the  cells  and  fibrin  into  a  non-nucleated  granular 
mass. 

The  granules  of  the  soft  cheesy  masses  in  tuberculous  and  non-tuber- 
culous foci  are  chiefiy  albumin  granules,  more  rarely  fat-droplets.  The 
ultimate  fate  of  such  masses  may  be  partly  Uquefaclkm  and  puUaeeous 
softening,  partly  absorption,  and  partly  demcoation  and  calcification, 

Colliquation  or  liquefaction-necrosis  is  characterized  especially  by 
the  fact  that  the  necrotic  patis  heapme  dissolred  in  the  fluids  present  in  the 


/J 


Fig.  40.— FlbrlD-coDtalDinfr  tultercle   from  thtf  luntr.    (Alcx^boi.  bapiuabixylin.  Obrfn  stain.)    a,  Fibrin; 
//.  Riant-eell ;  c.  cellular  portion  of  the  tubercle,    x  dUU. 


tissues.  The  dissolution  may  be  aceonTi>lisheil  by  swelling  and  liquefac- 
tion, as  well  as  by  a  brejiking  up  of  the  tissue-elements,  or  through  a 
combination  of  those  processes.  Thus,  for  example,  in  bums  of  the  sec- 
ond dcfijree  the  cells  of  the  epidermis,  which  have  been  killed  by  the 
heat,  M'ith  the  exception  of  the  horny  layer,  lxH*ome  dissolved  in  the  fluid 
exuding  from  the  papillae  (Fig.  41,  d,  f).  In  the  C4ise  of  anaemic  infarcts 
of  the  brain  the  necrotic  bniin-sul)stance  undergoes  softening  with  the 
formation  of  drops  and  granules,  and  becomes  converted  into  a  milky, 
piiltaceous  mass  in  M'hich  the  products  of  the  destruction  of  the  brain- 
tissue  disintegrate  into  smaller  and  smaller  particles,  which,  either  free 
or  enelosc»d  within  cells,  lieeome  absorlx^d  or  completely  dissolved.  In 
suppurative  processi\s  of  the  tissues,  which  occur  veiy  frequently  in 
purulent  inflammations,  the  necrotic  tissue  is  dissolved  in  the  fluid  vas- 
cular exudate  containing  pus  corpuscles. 

Necros<*d  areas  in  the  mucosa  ot*  t  \w  stoniaeh  Ix^come  dissolveil  through 
the  (ligestiv**  action  of  the  gastric  juices. 

Coagntation  and  liqitr/actton  may  not  infre(iuently  follow  or  precede 
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eachi)tber.  For  exumple,  the  produeU  of  cougulatiuu  in  ati  intlajiieil 
urea  may  agaiu  bcH-omo  diastilv^/cL  In  ^aiigrenmis  blebn  produced  by  the 
<li!^lutioa  of  epithelial  eelKs,  there  may  occur  a  eoa^ijuhition,  the  prod- 
uoU  of  which  are  hiter  ii^din  dissolved.  Necrotic  i'oei  arising  in  the 
iXHiree  of  inflammations  or  iu  granulomata  very  oft«u  at  a  later  stage 
l)efome  lifjuelied, 

hi  tbe  case  of  both  the  Cfrnfinhiiton  ami  the  liqurfartion  of  tissues  the 
prfMTSs  dei)euds  esst^ntially  ujjou  the  action  of  ferments,  which  are  com 
billed  in  |mrt  with  livHi^^  prt>luplasiii  and  in  pait  are  contained  in  Ihr 
dia<l  tissue.  The  licpieiVn'tion  of  tissnr  by  tissiie-lVrineids  is  desiji:natcd 
autolysis.  The  action  of  I  lie  a utoly tic  ferments  takes  place  also  in  poi - 
tloiw  of  tissne  that  have  In^en  kept  aseptic  fnilside  of  the  body,  or  pre- 
si^rvi'iliu  antiH<*pfic  fluids  (ehlorofonn  water;  that  inhibit  the  gnjwtli  of 
Inicteria.  There  oeen rs  a  liqacfaclioii  ni'  the  tissue  wilh  the  toninition  of 
variotu^  products  of  decomposition, 

Tlie  clianees  described  aliove  as  occurring  in  dead  or  dying  tm\ies  are  not  the  only 
oDi'*  uijicb  tnke  placL*  during  tmuiMk-ntruuiiou.  Tliey  are  only  the  chief  types  wlacli 
•JCcur  iu  the  course  of  a  n'Uitively  rapid  nucrtjsis,  JIauy  of  llie  tisHue-degenerutinua 
dcsrHbtil  in  tbe  following  immgruplLs  uho  lead,  not  infirqueotly,  to  uUiajute  dLuiii 
of  rli«*  tissue,  and  consequeuUy  itiey  must  be  iei,^artlutl  as  belt»ugiiig  to  the  precedes 
cImshm]  as  timtte^tiecrot/itmM,     Uranuljir  degene nil iua^  fwlty  degene ratio n.  mwcousi  degea- 
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iL— Bltoter  of  mt'a  pftw,  c!aufle<]  tiy  hot  seallnff-wax.     CAlTOhoK  fvumiQeJ    a,  Hrmiy  layf^P  f*r  tbo 
rntw;  K  rp*e  MiUpJirtitl ;  r,  luiniittJ  papilla :  </,  swotlrn  **pHht*lial  *HHh  w  h*>!«»'  n»c!f*l  une  In  port  visible, 
tD  p«rt  Imvc  itlsttpp(«ri*d ;  ir,  epttl]«*]fal  rvils  Ivlntr  lM[*tw<^'ii  thp  iMii;nllfr«,  xht".  upp»»r  one*  swollen  ami 
Iit«^l.  the  lower  one*  pnf*»nT<l ;  /»  h.tal  lk|Qefjunlimof  the  t^plthHluin  :   y,  nwoHen  wHs  of  th«?  tnter- 
JjiTT  c^ll-niftwips,  which  have  lf«l  ihfir  nmSi^;    h.  a  similar  fell-rniias  which  taaw  heen  c^mipletely 
i»«du  iumI  niie«yl  fruin  the  hasement-nii'tiibrfoiH,  by  th«  txnaRTilated  sub^plttii^lial  f xuilatft  k  \  I,  naU«Mied 
body  inJUtrated  with  c^ells.    X  1511. 


on,  and  hydropic  dc/feneration  often  end  in  the  destruction  of  cells;  and  tlie  same 
lit  fimy  be  reached  m  the  case  of  hyaline  andaniylnid  dep*nemtinn  of  tlio  conneotive- 
'-  it  nnt  only  the  grotrnd-subsnince  of  the  tissue  is  permanently  altered,  but 
n»  aiTert**d  tJAsue  al^o  die. 

1^  to  the  investigations  of  Sehmmttttiwd  Afhrftht,  kidney  epithelUim  soon 
IliCfmicMi  inirisible  in  water,  salt  f*o|otions,  and  diltiied  alkalies,  in  fliat  tiie  cells  Iveconn* 
twoljpn  or  dissolve.  Epithelial  eellB  which  havr  btnimie  |2:niiiular  through  aufemie 
IMCTOtSs  retain  their  granular  stnicture  in  the  sr»lntiona  named.  This  may  be  taken 
atapmof  tiiat  coagtiJatloa  hjw  orrurred  with  the  formation  of  t^rm  bodies*  not  sohilile 
in  .!''  "  k,  alkalies,  and  tieotral  salts,  out  of  eletnents  occurring  originally  in  the 

\  v^W'  t  state, 

i ..,   M iber  of  eii«yin©»  coniained  in  the  tissue-ceils  is    very  great.     Htffmeiatrr 

MAcritii^  to  tbe  liver-cells  at  least  ten,     Iu    these  eella  there  surtOy  occur  a  proteolytic 
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changed  into  a  finely  granular  mass,  in  which  no  tmces  of  (be  *n-i^iiial 
structure  van  be  peict^h  eti. 

The  cheesy  nietaiot>rphosLs  of  the  fibrino-celhilar  exndate,  which  is 
found  especially  in  the  ahiMili  of  the  Inn^s  in  the  neighhorhoodof  tnlK-r- 
<*h*s,  is  bnmght  about  siunlaT'l}'  by  thn  disai^pcaniuce  of  the  nuclei,  and 
the  disintegmfrion  of  the  cells  and  tibrin  into  a  non-nucleated  granular 

IMLISS. 

The  gniuules  of  the  soft  cheesy  mass<»s  iu  tuln^rculous  and  nou-tulK*r- 
culous  foci  are  chiefly  albuntin  gniunles,  more  rarely  fat-droplets.  The 
ultimate  fate  of  such  nuusses  may  be  partly  liqnf'fachon  and  ptiltacrvu^i 
Hiifienhui,  ])arHy  ithsorption,  anrl  yiartly  (hmcattioH  and  raleijk'afion. 

CoJIiquation  or  liquefaction-necrosis  is  characterized  especially  by 
t  lie  fact  til  at  the  necrotic  parts  ttfcomc  (Jissohml  in  the  flniih  presetit  in  the 
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Fi«t.  40.— Flbrlu-eoQUitnltiic  luiH^ri'lt^   fnxB  Uit^  luntr.    (Alroliol,  hfl?iiiiiLoxyllD.  Qbrla  gU&Ln.)    a,  Ftbrlo; 
Ik  Kiant-teiJ ;  r,  i-ellylar  i»t)rtloii  of  tht*  tubercle*     ■<.  aWJ. 


timues.  Tht?-  dissolution  may  be  accoirrplisheil  by  swelling  and  liquefac- 
titui,  lis  well  as  by  a  breaking  up  of  the  tissue-elements,  or  through  a 
eijinbination  of  these  pnK-esse.»s,  Tbu.s,  for  exain]>k%  in  burns  i^f  the  sec- 
ond degree  the  cells  <jf  the  epidernds,  which  hiive  bciMi  killed  by  the 
heat,  with  the  cxcejition  of  the  lioruy  layer,  iKM-onie  dissolved  iu  the  tluid 
exuding  from  the  papilhe  (Fig.  41,  d,  /).  In  the  case  of  aiKeiuic  infarcts 
of  the  l>rain  the  neerotlc  brain -sulxstance  undergncs  Siifteuing  with  tlie 
formation  of  drops  and  gran  ides,  and  beet  imes  converted  itjto  a  milky, 
pultaeenus  lua.ss  in  whicli  the  products  of  the  destruction  of  tlie  brain- 
tissue  disintegrate  into  smaller  and  smaller  particles,  which,  either  frt*e 
or  enclosed  within  cells,  lieconn*  absorbed  or  completely  dissulved.  In 
suppurative  pn»cess4\s  of  the  tissues,  which  occur  wry  frt^ijuently  in 
purulent  in  flam  mat  ions,  the  uecn^tic  tissue  is  dissolved  in  the  fluid  vas- 
cular exuthite  containing  jfus  coqaiscles. 

Necrosed  areas  iu  the  mu(*osa  of  the  stomach  became  disS4>lved  thiTiugb 
the  digestive  action  at'  the  gasfric  juices, 

(haffuffUion 'dBil  tiqtirjitction  may  nut  infre<|ucntly   follow  or  precede 
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other.  For  example,  the  produels  of  coagiilutiou  in  an  iiiliiuueil 
may  again  Ix^eoiiie  dissolved.  In  piiigreiioiis  blebs  prodiice<l  by  the 
ilissohition  of  t*j>itheliid  et^lls,  there  uiay  octmr  a  eoagahitiou,  the  prod^ 
ncta  of  whieli  are  later  again  dissolved.  XeenMie  foei  arising  in  the 
eoiirse  of  iiitlammations  or  ia  giumilomata  ^'ery  often  at  a  hder  stage 
become  litjiieiied. 

In  the  case  of  both  the  ciHiffuIalktn  nudthP' fiqiiefarthn  of  tissnes  the 
pro<»e.ss  de] lends  esst'iitially  npoti  the  action  of  ferments,  which  air  eom- 
bin^d  in  part  with  living  proloplasiu  and  in  pari  are  eontained  in  the 
deiul  tissue.  Tlie  liqnef action  of  tissnc  by  tissnetVrinentH  is  designated 
autolysis.  The  action  of  tlie  aytolytic  ferments  takes  jdace  also  in  piir- 
tious  of  tissue  that  have  been  kept  ast*}>tic  ontskle  of  the  body,  or  pre- 
tH^Tved  in  antiseptic  flnids  (chbin>forni  water}  that  inliibit  the  growth  of 
baoteria.  There  occurs  a  liipiclaction  «>f  the  tissnc  with  tiie  fminatiuji  yf 
[various  products  of  decomposition, 

I  The  changes  dt-scrib^d  above  us  occurriug  in  dead  or  dying  tiasxies  are  iiot  the  only 
foDes  which  take  plac«  during  tiasiie-destrut:tioii.  They  are  only  the  chief  types  which 
Iciccur  in  the  course  of  a  rrUtivi.ly  ra|>iil  iiL-ciosis.  Many  of  fhe  U.^^'^ut/di'^eoerntinns 
IKribed  in  the  following  jmrngmpiis  ulS(i  h\n\,  not  mfrLnniently,  to  nitiumo*  death 
[the  tiftsue,  and  consequently  tiuy  mo  si  hv  rcgiirded  an  belonging  to  the  processes 
1  us  tU9^te~n^cnibk09i8.     Gmnnlar  degcneratiun,  futty  degent  ration^  mucous  degun* 
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.  41.— Blift^r  of  cat's  paw.  oauued  by  hot  seallnir-wiut.     (Alcohol,  rarmine.)    fi>  HoniF  layer  of  the 

nttt  K  rt-w  Malli>l»fhi1 ;  c,  w»rmal  [mpflhi;  d,  siW(ilJ*»n  p[Hthi'11»l  tt>iu  whtwt'  nucW\  an^  Iti  part  vlKlhlf, 

I*rt  h«vf»  dlsa|»|>'an(Ml  t  f ,  epttbcllal  ct^lls  hlnir  bK^wi^en  Ih*"  pupillfF^  the  iiprtfrT  <iDi*ii  swoUi^n  und 

iti*»i,  Uie  li»w»>!r  oriHs  nr*"*TVt»d  ;   f^  hnjii  itqyr^fActfrm  of  the  ♦' pit  hell  urn  ;   y.  ,HWo|lt^ri  pi'lis^if  the  tntt»r- 

irr   ri^-li  mnwi^,  wtiii  h  tmvt*  ]ml  th»'tr  nuclei;   b,  a  shnllttr  cell-mmw  which  bm  benm  ronifrtetely 

Df  ed,  ttinl  ral*e«J  from  the  iMi+ianeni- membrane,  bv  the  c^iafrulatJtHl  MulH'plthelhil  exudate  k ;  C  U&iUaaed 

■  -^  boay  iQflltraied  with  celK    X  ISO. 


Will'  !  hydroj)ic  degenemtion  often  end  in  the  destmetioii  of  cells;  and  the  same 

tm  reached  in  the  ctis**  of  hyaUne  and  ainyloid  degfm<'mtinii  r»f  the  eimnective- 

d»»()'  ITI  Miai  not  only  the  irroundsn Instance  of  the  tissaue  is  perrnam^utly  altered,  but 
tile  cells  of  the  alTet*ted  tissue  hIho  die. 

Acconhng  to  the  i  n  vest  i  gut  ion  9  r>f  SrhrnituMnuii  Afhrtrht,  kidney  epilhel  him  soon 
btoomei  invisible  in  water,  salt  sohitions,  and  diluted  alkiilius,  in  lluit  the  ceUn  become 
•woUen  or  dissolve.  Epithelial  rells  whteli  \\^vv  hceonie  grannlar  ttiroiigh  anaemic 
OPcrtT^s  r*»tttin  lh<dr  gmntdiir  stnicture  in  the  sohitions  named.  This  may  1x3  taken 
AS  a  pnK»f  that  ciuignlation  hai*  ^H'cnrred  with  the  fnnntition  of  tirni  bodies,  not  eohibh? 
in  dilute  aefd^.  alkahea,  and  neutral  stilts,  on t  of  elements  occurring  originally  in  the 
eelb  in  tt  fluid  state. 

Ttu*  number  of  enzyme*  contained  in  the  liaanf -cells  is  vt*ry  great,  ilftfrrteinter 
ii*t*filje»  f o  tilt*  liver-celU  at  leasi  ti*u.     In    these  cells  there  surely  occur  a  proteidylic 
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fn/yin<^  (trypf^iRP)  wliicli  illBintfgrutfs  the  a1biim3n-mf>lpriili\  b  fiTitiPtit-BpHtting  nu- 
clt^O'prok'i>i(l  nxnl  nui'li'iuir  tivid,  ai^J  »  ilmsLulic  ft  rmrnr  clmngi])^  ji^iyt'tigf^fi  into  sugar. 
PmU'nlv  tic  eii/yiiics  oceiir  jjridmblj'  hi  tlie  most  vurii'tl  tiHsiUc^s,  pr^lmps  in  nil  |N/t/- 
kofvski\].v.).  Al.  tlie  prisf/nt  ilun*  we  ilo  not  know  ulirUxT  lUfV  are  active  under 
physiological  conditions,  or  wketlicr  t key  are  presfMit  In  th«»  cells  mdy  its  inJictive  pro- 
fennetilH  or  /.ynK>^en,  which  first  bc<'oine  active  (iuritig  or  after  the  dtatii  af  the 
ccHs  under  the  iiilluence  i»f  a  **  kiaa.se."  In  order  tudrt  fde  these  qtiestinus  it  wuuJd  be 
neeeftsjiry  {Salkotrski)  to  show  accnmrcly  tht^  characteristics  of  the  pmclucts  of  niitnl- 
ysis  of  dilterent  orijiaaa  and  i<»  seek  out  the  >;pei:ilic  tiuttilytic  prixlucts  alfio  ia  tlie  cor* 
respouilin^  organs  of  fri'shly  kiJlecl  anirnnls,  A  splitting  r»f  nucieiii-sttbhtances  by 
fernienlH  during  life  is  slinwii  posilively  by  the  fact  {Sitfkowaki)  that  puna  bases,  the 
spccitic  products  of  nuclear  diaiatcgration,  can  l)c  denmnatraLed  iu  all  freak  organs. 

§  50.  TTntlrr  tlu^  i)ait)e  of  gangrene  may  1h>  rlassetl  thc^Re  foniis  of 
necrosis  in  whirii  the  t issue,  partly  thi'Oii^h  exposure  to  the  air,  partly 
throuiLih  lite  ai^eney  *if  haeteina,  sufVtMS  tdtao|^es  wliich  are  similar  jii  ap- 
]>eaiaHce  to  those  oeeurriii^in  biirue*!  Ijssii€\s.  If  neorotit* tissue  tlirmigh 
exposure  to  the  air  looses  ita  water  by  evaporation  and  becomes  dry,  the 
eoudithiii  is  desiti:iiated  dry  gangrene  {futnfirwna  siccn)  or  mummifica- 
tion. When  tile  drad  part  ri-maias  nndst,  the  terms  moist  gangrene 
{ffatiffnrnti  htituitlH)  <ir  spliacelus  may  \tv  appdiiMl.  If  Ihroajj^h  the  iigeuey 
of  baelei'iathore occurs  ii/otd  smifliftt/ ptittf/ffftfofK  the  ei»iidition  is  known 
iLS  11  putrid  gangrene  ii/ttuf/rirftfi /(lildfi).  JleveloiJim-iit  of  pis-bnbl^les 
as  a  residt  of  the  putrefactive  changes  hjaxls  to  emphysematous  gan- 
grene (tfdHt/nrna  emphtfsrmtitimj ). 

Moist  gangrene  and  put  rid  gangrene  are  in  general  hleuticai,  si  nee 
bacteria  can  ihneloi>  mdy  in  moist  tissnes.  Nevertiieless  a  dry  gangrene 
is  md:  iufreqtiently  a  ptitiid  gangrene.  vSince  baeteria  may  develop  in  the 
tissne  iK^fore  drying  takes  ]>laee*  Dry  gangrene  may  also  devebip  from 
a  nn>ist  gangrene,  or  throngh  the  absorjitiou  (d' water  i^ecome  elianged 
into  the  latter. 

Whru  the  deatl  tissne,  in  eithi^r  ninminilieatiou  or  moist  gangrone, 
contains  a  large  amount  of  blood,  it  appears  blacky  tlark  brmvn,  or 
greeriisli-blaek  in  eohu',  and  is  tlien  caJlcd  black  gangrene.  If,  on  the 
other  hand,  the  dead  tissues  are  an;emic,  I  be  eondiiiou  is  sometimes 
spoken  id*  as  white  gangrene,  althongli  there  is  more  ur  less  di8C*olor- 
atioii  of  tlie  dead  part,  so  that  the  expi-rssion  is  often  inappropriate. 

In  the  ea.se  of  gangi^ne  of  superlieial  parts  of  the  body,  there  may  be 
distinguish od.  aecotdiug  to  the  temi>eratitre  o*'  the  dead  part,  a  ctj^d  :ind 
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F*G,  42. — Dry  gangrene  of  the  lues,  due  to  ealeificatioa,   riarro\s juk',   unr!   tiklitt^runiwt   »>!    ttidr 

iurtedes. 


a  tmnn  or  hot  ffff7u/retH\  the  latter  designation  being  nsc*d  when  the  gan- 
grenous area  is  kei>t  warm  by  the  blood  tlowing  tlirongh  the  neighboritig 
tissues. 

Gangrene  may  Im*  caused  by  <»x tenia  1  injtxries,  heat,  eokl,  corrosives^ 
crushing,  pi*essnre,  infection,  etc.,  as  well  as  by  disturbances  of  tlie  eir- 
culation. 


GANGRENE.  179 

Gangrene  due  to  disturbance  or  arrest  of  the  circulation  occurs  not 
infrequently  in  old  people  {senile  gangrene)^  involving  the  extremities, 
particularly  the  toes,  feet,  and  legs.  It  is  usually  of  the  dry  variety, 
and  is  dependent  partly  upon  general  disturbances  of  the  circulation  and 
partly  upon  disease  of  the  arteries  of  the  extremities  (calcification,  ossi- 
fication, thickening  of  the  intima,  thrombosis,  embolism)  (Fig.  42). 
The  dying  parts  appear  bluish-black  as  a  result  of  the  venous  stasis. 

Gangrene  from  cold  affects  chiefly  the  tips  of  the  extremities,  nose, 
and  ears,  and  is  characterized  by  changes  similar  to  those  described  above. 

Gangrene  from  heat  is  confined  to  the  area  directly  affected  by  the  heat. 

Pressure-gangrene  or  decubitus  {bedsore)  occurs  in  marasmic  indi- 
viduals, most  frequently  upon  the  sacrum  and  the  heels,  both  of  which 
regions  are  exposed  to  pressure  when  the  individual  lies  upon  his  back. 
The  bedsore  begins  with  the  formation  of  bluish-red  spots,  within  whose 
area  the  tissue  dies,  and  through  the  agency  of  bacteria  undergoes  de- 
composition and  finally  disintegmtes.  The  gangrenous  area  may  be  of 
large  extent,  especially  when  over  the  sacrum ;  the  bone  may  be  laid  bare 
over  a  large  area  through  the  destruction  of  the  overlying  soft  parts. 

Toxic  gangrene  occurs  chiefly  in  ergot  poisoning  as  a  result  of  the 
contraction  of  the  small  vessels  and  formation  of  thrombi.  The  tips  of 
the  extremities  are  usually  affected. 

Infectious  gangrene  occurs  particularly  in  different  infections  of  the 
skin  and  subcutaneous  tissue,  and  may  be  associated  with  gas-formation. 
In  the  form  known  as  foudroyant  gangrene  different  varieties  of  bacteria 
have  been  found ;  the  bacillus  of  malignant  oedema,  an  anaerobic  bacil- 
lus (Welch,  E.  Frankel,  Hitschmann  and  Lindenthal),  proteus  (Hauser), 
and  bacterium  coli.  Infections  associated  with  putrid  gangrene  may 
occur  in  the  internal  organs,  but  affect  chiefly  the  lungs  and  intestines. 

A  so-called  neuropathic  gangrene  occurs  when  a  tissue  affected  with 
either  sensory  or  motor  paralysis  is  wounded  or  subjected  to  continued 
pressure.  It  is  dependent  partly  upon  circulatory  disturbances  and 
X>artly  upon  infection.  Gangrene  resulting  from  the  withdrawal  of  the 
influence  of  trophic  nerves  has  not  yet  been  demonstrated.  Symmet- 
rical gangrene,  which  affects  corresponding  parts  of  the  extremities 
and  has  been  regarded  by  many  as  a  neuropathic  disease,  is  dependent 
upon  changes  in  the  blood-vessels;  likewise,  the  i)erf orating  ulcer  of  the 
fi>ot  {mal  perforant  du  pied),  which  begins  as  a  callosity  following  me- 
chanical influences,  and  is  characterized  by  an  accompanying  gangrene 
which  rapidly  penetrates  into  the  deeper  tissues,  is  dei)endent  upon  the 
closure  of  an  artery  of  the  foot. 

In  moist  gangrene  the  tissues  break  down  with  a  varying  degree  of 
rapidity,  the  fasciae  resisting  for  the  longest  time.  As  crystalline  prod- 
ucts of  the  chemical  changes  there  may  be  found  needles  of  fat  and 
tyrosin,  spherules  of  leucin,  coflftn-lid  crystals  of  triple  phosphate,  and 
crystals  of  hiematoidin.  If  the  gangrene  comes  to  a  standstill,  the  gan- 
grenous tissue  becomes  sequestrated  through  the  formation  of  a  zone 
of  demarcation — that  is,  becomes  separated  from  the  living  tissue,  and 
under  favorable  conditions  may  be  thrown  off  from  the  body.  In  the 
case  of  necrotic  portions  of  bone  a  very  long  time  is  required  for  seques- 
tration. Extension  of  gangrene  (through  infection  or  continui^  circu- 
latory disturbance)  leads  sooner  or  later  to  death,  esi>ecially  if  toxic  sub- 
stances or  bacteria  are  taken  up  into  the  blood  or  lymph.  • 
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IV.  Hypoplasia,  Ag^enesia,  and  Atrophy. 
§  51.   Hypoplasia,  or  the  defective  development  of  anlage,  may  affect 
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either  the  body  as  a  whole  or  only  single  organs  or  parts  of  organs,  and 
may  occur  either  during  the  period  of  intra-uteriue  development  or  later 
during  the  period  of  post-embryonal  development. 

\nien  either  the  entire  skeleton  or  at  least  the  greater  part  of  it  is 
under-developed,  and  especially  if  the  bones  do  not  attain  their  normal 
length,  the  affected  individual  is  abnormally  low  in  stature,  and  is  called 
a  dicarf  (Figs.  43  and  44).  The  individual  i)arts  may  be  fairly  well  pro- 
portioned (Fig.   43),  or  they  may  be  unsymmetrically  developed  (Fig. 


Fio.  48.  Fia.  44. 


Fio.  4S.-^keIeton  of  a  female  cretin,  tblrt7-one  years  of  tig^  118  cm.  in  belffbt,  witb  klinocepballc 
ikQlL  The  carUlage  sutures  of  tbe  dlapbjrses  of  tbe  Ionic  bones  and  pelvic  bones  still  sbow ;  as  does  also  tbe 
fmotal  suture.  Tbe  indlrldaal  parts  of  tbe  skeleton  are,  on  tbe  wbole,  in  tbe  proper  proportion,  tbe  upper 
extremities  alone  being  relatively  sbort. 

Fio.  44.-^KeIeton  of  a  female  dwarf  of  flfty-eigbt  years  of  age,  117  cm.  in  beigbt,  witb  very  sbort 
eztremitiea,  and  long  trunk.  Tbe  cartilage  sutures  are  still  present;  tbe  articular  ends  of  tbe  bones  are 
ttatek. 

44).  For  example,  the  trunk  may  be  of  normal  size,  while  the  extrem- 
ities are  abnormally  short  (Fig.  44) ;  or  both  the  trunk  and  the  extrem- 
ities may  be  abnormally  small,  while  the  head  is  of  normal  size,  and 
consequently  appears  relatively  too  large  for  the  small  body.  When  the 
lack  of  development  affects  individual  parts  of  the  skeleton  exclusively, 
or  if  it  is  more  marked  in  certain  parts  than  elsewhere,  there  results  a 


m  PnPLAST A  :   acsenesia. 


IHH 


etc,  do  liot  esctipe  siiiiilur  disliii'bunceH  *>f  ^rowtlu  Fnr  exaiaple,  the 
entire  brain  (Fi^.  46)^  or  only  one  of  the  hoiiiispheres,  or  a  ]>iirt  of  the 
latter  (Fi^.  47,  <\  */)  may  f;iiL  of  coiiiph'te  deveUipineiit.     Tli**  iiitiAStioe 


W2 


riG.  lA. 


Hyp>|4iuHiii  of  iliH  uteniB  Willi  WellnievelfJtwiU  uiarlfti,  but  wlllHmt  rlpo  f<illlr]r^s, 
tweuty-eJgLit  yenrs  ur  »gi*. 
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may  ill  part  be  I'epreseiited  In  a  Ibiii  eamil  lueapable  of  fiiiR'tiouatiii*^ 
( Fij^.  49,  d),  ^ireveii  by  a  solnl  vttni  (Fig.  40,  r  ),  Tlie  iiteius  not  infre- 
ipiently  remaiijs  in  an  uiidevebiped  state  (iidaidile)  (Fig.  4S ),  and  oeeii- 
sioually  attlietinie  of  jKilM-rly  tlie  ovary  (Fig.  TiO,  f*),  or  the  entire  inter- 
nal generative  ajiparuins,  and  at  times  als4>  the  external  organs  nisiy 
remain  in  the  ii!iih*vi'h»|HMl  state  of  the  yonng  child*  A  mme  or  ]v^ 
uiarke<l  hypoplasia  of  tlie  kid- 
ney is  rini  rare.  Jn  the  de- 
velo[inient  of  the  respinit« >ry 
traet  the  alveoli  of  a  parlitm  of 
the  bing  may  wholly  fail  to  ile- 
veh>p. 

The  abiive  -m^  nl  jone<  1  ex  - 
aiaph^**  of  liypoidasia,  to  whieh 
many  olliers  might  be  a*bled, 
arise  partly  throngh  intrinsic 
eau«t»s  inherent  in  tbr  germ» 
and  are  therefore  inht'rital»h% 
and  |>Jirtly  tliroogh  th*^  at t  ion 
of  exirinsie  injnrions  irdln- 
ener.s  upon  nojrnal  aid  age  dnr- 
ing  the  eonrse  of  development. 
For  example,  Ihegrowth  of  the 
JH»ne5<t  may  Ih^  iidlueneed  and 
retarded  by  iniju^rfeet  fn net  ion 

of  the  thyroid  glnnd  or  <Iisnst\  aoit  inthinimalion.  Total  failure  of  por- 
tions of  liie  ImmIv  or  of  single  organs  to  develop  is  known  as  agenesia* 
This  n»ndition  is  dei>endeid  eilher  upon  (ht*  non  frrrmation  r>f  the  an  luge, 
or  irpon  the  destroetimi  of  (lie  latter  aftrr  they  Inivi-  brgnn  toile\elup. 
''St'r  *haf>fer  on  Malforniatifuis.  ) 


¥ui,  49.— HypDplaata  al  tin'  sinall  lTitf*9nne  of  the 
tufiv-lteirn  rhltd.  u,  titviillv  tJllHti-il  {M^Hlori ;  Ik r,  d.  c, 
fi«*tllon  8tirminf;  tfr»»ut  ruirrtjwlrijf  aud  i^ttiiinni?:  A 
iinnnuUr  (|t.'¥(']!«p(ed  puitJuD,     (FJvi>».*vt>Dthi<i>  luituml 


llYPorLASl A  :    AGENEHIA. 


183 


et<'^,  do  not  esc4ipe  similar  ilisturbuii(*t^s  of  growth.  Fur  examples  Hie 
eutin^  l>min  (Fife.  46),  ur  ouly  one  of  tlit^  hf*iiiispliri*es,  or  a  part  fif  the 
latter  (Fif^^  47*  r,  f^)  may  fail  of  complete  fl<^vel«>[>iiietit.     The  intestine 


fiG.  48.-llyp<*t>l<»U  t»r  ai«  ut«ru8  wIUj  weri-cievploped  ov^jirj*^,  but  wllUout  ripe  foUklf*.    Fmtn  »  crvUtu 

iwvQty-elgUt  yeiint  ot  Age. 


may  in  part  he  represented  by  a  thin  <'aiial  lueapahli*  of  fnoelioDatiuf^ 
(Fij^.  4fl,  r/K  nr  eveji  i>y  a  solid  and  \  Fij^^  4!».  f  i.  The  uterns  nut  infie- 
rpiently  remains  in  an  nnde\  eluped  sJatt^  (infantile)  (Fij^.  4S),  andoeea- 
sioualiy  at  the  time  of  ludn^rty  the  t>vary  (l^i^.  r»0,  r),  or  th(*eiitin*  inter- 
nal j^enerative  apparatus,  and  at  times  also  the  external  organs  may 
remain  in  the  undeveloprd  state  of  the  yonug  child.  A  more  or  less 
marked  hyp<)|ilasia  of  I  he  kid- 
ney is  not  rare.  In  the  de- 
velopment uf  the  respiratory 
tniet  the  alveoli  of  a.  portion  nf 
the  hin^^  may  wholly  tail  to  de- 
velop. 

The  ahfive  -  mt^ntiotH:'tI  ex- 
amples of  hy[»o{dasia,  t**  which 
many  othei-s  nd^tit  be  a«hled, 
arise  partly  thronjjjh  intrinsic 
causexS  inherent  in  tlie  f^^rrrn, 
and  jire  therefore  inheritahh% 
and  ]»artly  thriiii^di  the  aetion 
of  exirinsie  injtirions  intlu- 
eiic^-s  upon  nnrmal  anla^^e  dur- 
ing the  course  of  deveh^jnuent. 
For  example,  thejiTi'^^^lb  of  the 
txaieH  may  1m»  iutineneed  and 
Hoarded  by  imperfeet  fa  net  ion 

of  the  thyroid  ^lantl  or  disuse,  antl  intlammatinn.  Total  failure  of  por- 
tifuiHof  tin*  iHidy  en*  of  single  f>i';u^ans  lo  di^velop  is  known  as  agenesia. 
This  eonclition  is  depentfent  eitluM-  njioa  the  Hon  formation  rd'  thr  anla^^e, 
or  tijMUi  the  di'straetion  ol'  the  latter  aftrr  the^y  liavt*  t»t»^^yn  to  <le\rlop. 
(See  ehapter  mi  Malformations*  j 


Ff«;,  4U,  H yt>i»t»iiuilA  c»f  lb*?  small  Intpstlnt'  of  tbe 
iu^w-l»unk  f'tilK),  a,  iin'nlly  tUI*ttft|  pi>rTli>ii ;  h,  r.  tL  f, 
fMirUtm  showlni?  trrf^l  nnrmwlng  imtl  »itiuiiMn^:  A 
iis^nnally  dtiwln|K>u  i«ntlou*    <  Flve-seveiilhs  QAturiii 
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The  tissue  composiDg  hypoplastic  organs  or  psLtts  of  organs,  though 
of  less  bulk  than  normal,  may  present  no  abnormalities  of  structure.  In 
other  cases  there  may  be  associated  with  the  smallness  of  size  a  disturb- 
ance of  internal  organization,  so  that  often  the  more  highly  specialized 
elements  of  the  organ  fail  of  development,  the  hypoplasia  being  at  the  mme 
time  associated  tvith  an  agenesia  of  individual  parts.  Thus,  for  example,  in 
hypoplasia  of  the  ovary  (Fig.  50,  e)  the  development  of  the  ova  and  the 
ripening  of  the  follicles  may  fail  in  part;  in  hypoplasia  of  the  brain 
there  may  occur  at  the  same  time  a  defective  development  of  the  gan- 


FiG.  50.— Cross  sections  of  ovaries  at  different  periods  of  life.  (Uasmatoxylin  and  eosin.)  cuh^e^d^ 
Normal  ovaries :  a.  Rirl  of  five  yeare ;  h.  twenty-three  years ;  c,  twenty-nine  years :  and  d,  twenty-one 
years :  e,  hypoplastic  ovary  of  fclrl  of  twenty-seven  yt^ara ;  /,  g,  senile  ovaries  from  women  of  eighty  and 
eighty-three  years  of  age.    ^Natural  size.) 

glion-cells  and  nerve-fibres,  and  at  times  portions  of  the  brain  may  con- 
sist only  of  membranous  masses  (Fig.  47,  d)  in  which  no  ganglion-cells 
are  present.  In  hypoplasia  of  the  lung  there  may  be  under  certain  con- 
ditions a  complete  failure  of  development  of  the  alveoli,  so  that  the 
lung-tissue  consists  merely  of  a  very  vascular  connective  tissue  through- 
out which  lie  the  bronchi,  the  latter  in  the  course  of  time  usually  be- 
coming dilated. 
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§  52.  Atrophy  is  a  diminution  in  the  size  of  an  organ  due  either  to  a 
diminution  in  size  or  disappearance  of  its  individual  elements.  It  may 
occur  at  any  period  of  life,  and  is  a  very  common  result  of  many  path- 
ological processes.  Within  certain  limits  it  may  be  regarded  as  9k  physi- 
ological phenomenon,  in  that  in  old  age  there  constantly  occurs  a  certain 
degree  of  retrograde  change  in  all  the  organs,  associated  with  a  diminu- 
tion in  their  size.  Certain  organs  undergo  such  an  atrophy  with  partial 
or  total  loss  of  their  functional  power,  even  bt^fore  old  age,  as,  for  exam- 
ple, the  thymus,  which  atrophies  completely  even  before  the  end  of  the 
period  of  growth ;  and  the  ovary  (Fig.  50,  /",  ^),  a  part  of  whose  ova  are 
discharged  during  the.  period  of  sexual  activity,   the  i^emiainder  being 
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destroyed.  \\\  old  age  the  lympluulenokl  tissue^s,  the  miisdes  and  bones, 
ill  imrtieiilar,  sufiVr  atrophy,  thoiij^h  the  tissue* ehaiif^es  of  souility  vary 
greatly  in  dittVreiit  individuals,  so  that  often  other  tiasiies,  the  glandular 
organs  iw  tlie  brain,  siiuw  the  most  marked  atroydiy. 

The  atrophy  of  au  orj^an  is  eharae(ei'izt*d  chiefly  by  its  diminution  in 
size.  Ill  atrojihie  eoiiditions  of  the  nmseles  (F^ig.  51)  the  affected  por- 
tious  of  t!ie  ImhIv  become  smaller,  and  in  exti^nte  eiises  the  extremities 
appear  a>i  if  eonsLstirig  only  of  skin  antl  bones*  Wlien  the  atrophy  i\i  au 
orpin  is  uniform  throughout,  it,s  normal  sliape  uuiy  be  pres<*rved;  but  if 
the  atrophy  procuresses  nmre  rapidly  in  certain  |)arts  Ihaii  iu  others,  the 
surfaee  of  the  organ  may  show  local  de- 
pi^KsioriK  (Fig.  r>3)  and  cicatricial  (Min- 
tractious  (Fig.  50),  so  that  the  organ,  for 
example,  the  liver  or  kidney,  nuiy  preseJit 
a  knoblKMl  or  granular  appear. nice.  When 
tissues  which  are  umlergoing  atrophy  are 
prevented  frrmi  contnictiug,  asiu  the  cas*^ 
of  the  iHines  and  Juugs,  the  external  form 
is  preserved.  In  the  ease  wi  boue,  I  he 
medullary  spaces  and  the  Haversian  canals 
become  enlarged,  and  a  eonditiuu  resnhs 
which  is  known  a.s  cxrrnMr  atrophif  nr 
ogteoporofdn  (Fig.  52).  In  the  In  rigs  thi* 
alveoli  become  confluent  iirto  large  air- 
spaces as  the  result  of  the  disjipiiearance 
of  the  intervening  walls, 

Iu  atrophy  of  the  glands  and  moseh*s 
tliere  occurs  fieqneiitly  a  change  of  color, 
though  this  is  of  secondary  imp«u1anee. 
Either  the  tiormttl  pif/mentttlhn  of  the 
affei'ted  <ugan  is  brought  mit  tnotr'  dis- 
tinrtfif  by  lis  atrophy,  or  associated  with 
the  atro[ihy  thert*  is  a  tlrpoHit  of  pir/mf'ttf 
(hroitn  or  pigment  tttntphij),  or  finally  the 
change  of  color  may  be  dependent  upon 
the  changed  blood'COutent  i>f  the  atrn|ihie 
tissue. 

The  diminution  in  size  t}/  atrophic  ortjatm 
in  the  renuU  of  a  diminution  in  mze  and  difi 
appearanee  of  the  hintofofpeal  etementH  earn- 
poHtHff  them.  In  the  majority  of  the  fir- 
gans,  particniarly  in  the  glands,  muscles, 
and  boues,  tbespecitic  evils  which  perform 
the  eHjK^cial  fnuchon  of  the  affected  or- 
gan, are  affected  in  atrophy  to  a  far 
greater  degn*e  t  tiau  t  he  sn ]  >pi>rt i  ng  con i lect i ve-tissue  f nime work.  Indeed, 
it  may  be  frequently  ol»serveil  lliat  t lie  conneetive-l issue  elements  may 
be  wholly  prestM'V(*d,  or  even  incrcas4Mi  iu  number,  while  the  more  high- 
ly 8peinaliz**d  elcTnents  have  disii.i*peared*  Thus,  for  example,  in 
atrophic  muscle  (Fig.  M)  the  conlraetile  substau(*e  within  the  sareo- 
lemma  (a)  may  disjippear  to  a  very  great  extent  {b)  without  the  fieeur- 
reiice  of  any  atrophy  whatever  of  the  connective  tissue  l»etween  the 
moBcIebundles.  The  nuclei  (cj  of  the  connective  tissue  may  even  be 
iDcreased  in  nnmljer. 


fjo,  51.— Juv««nMe  inus*  iilar  ntruphy. 
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lu  utrophy  of  the  kiduey  the  epithdiul  cell**  of  tht5  urinai'y  tnbiilea 
(Fi^.  5r»,  tt)  bet'otiit.^  smulh^r  (/)  and  iimy  tintilly  wlmlly  vanish  so  that 
tlie  tubulins  c*<illit|>He.  Likewis4%  Uu^  ri»it]n'lioiii  td"  the  ghnuenili  (tl)  is 
b»st,  whik*  Iht*  i'SLpilhyies  hiM-onie  nblilf  r:d<Ml. 

Th<'  saiiM*  thin;:  iicrurs  in  siiriitle  atrnjiliy  ut'  1!ie  liver,  in  that  all  the 
li\er  irlls  of  a  htlndt-  may  disii]Tpt^ar  witlioutaiiy  |>erreptil>lt*  diHTease  of 
the  supptJitin^  ivtii'idiiiii.  fjikewise  the  |;^an*^Iii»n  cells  of  th<*  bniiii  and 
spinal  eord  may  a(r(*pliy  withont  the  neuni^ilia  being  diniinishetl.  Not 
iiifrecpieJitly  thr  hdter  may  bf^-oun:*  inereased. 

In  atrophy  iif  tlir  l>onrs  the  true  Imne  tissne  becomes  diminished.  In 
atrophy  «if  tlir  bnne  iuarn»w  the  tc^tal  mass  of  free  marn^w-eells  is 
(timinisljrd,  The  snjiporling  eells  may  in  eonsiMjnenee  take  np  an  in* 
enas^/d  amuunt  uf  tat;  but,  on  tlie  otlier  han<l,  lii*'  fat  hi  tlir  reUs  nf  the 

nnirrow  may  also  vanish,  so 

ttiat  fre<'  s]>aees  wliieh  be- 
come lilted  with  tliii*l  are 
formed  [between  the  8Upport- 
ing  cells. 

In  atiripliy  of  the  lymph - 
glands  and  of  the  spleen  the 
i'wii  cells  in  particular  dis- 
appear- and  in  parts  are  com- 
pletely absi-iit. 

The  changes  leading  to 
atrophy  may  take  iilace  with- 
out the  oci^nr Fence  of  any 
apparent  change  of  structure 
in  the  individual  tissue -ele- 
ments (Fig.  54),  so  that  the 
condititui  of  atrophy  is 
reaeln'd  essentially  tlirongh 
a  loss  of  vol  nine  of  tlie  in- 
divithial  parts.  Jioth  the 
cell -body  and  the  nucleus 
may  l>peonie  smaller;  ami 
the  latter  change  may  be  ob- 
served parti<*ularly  in  the 
liver  in  castas  of  starvation - 
atrr>j>hy  (Lukjanow).  This 
form  of  atntphy  is  known 
as  simple  atrophy,  and  is 
to  l>e  distinguished  from  th*^ 
degenerative  atrophies,  in 
w  h  i  c  h  the  iUsne'eiement.s 
fJnrinff  the  prof/rcss  of  (hr 
atrophij  Hlimv  f'han§es  in  their 
Jitnuiure,  and  frequently 
contain  pathological  substances.  Thus  a  cell  may  liecome  granular, 
and  undergo  ftagmeiitatioii,  or  may  swell  np  and  liipiefy,  or  thei'O 
jnay  1k'  tV»rmed  within  tlie  cell  dm] is  of  fat  or  mucus;  all  of  these 
<*hanges  signifying  degener,itive  coinlitions  of  the  cell  i>rotophusuh 
These  proeess<*s  are  classed  as  spe<'ial  form.'i  of  deffetimdioti  and  will  be 
fliscnss^^d  in  the  paragraphs  of  the  fnllowing  section.  Degenerative 
ctianges  can  cM'cur  at  thr  same  timt*  in  ihe  nuclei,  as  shown  l»y  fragmeie 
♦ation,  distorted  snape,  clumping  of  Hie  chromal in,  diffusion  of  cliro- 


im.  6iI,~Exii'emrio  utrophy  i>r  the  lower  end  of  tlu'  tibiii  and 
nbultt*  with  usitHjp^ krosb*    (NiitttfTit  nizv.} 
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luatiti  into  the  pell-protopljisiTi,  ftwelliii^  and  liqiipfai'tioii  of  tlie  miflpiis. 
All  these  processes  lend  ultimately  to  the  clisfippeiiniiiee  of  the  micleus 
aiul  thf  ilei^triielioii  of  the  ceil. 

The  dt*^euenitiiii)s  leniliii^^  ulHiniitely  to  a  et>iiditiiin  of  utroiihy  of  the 
alFecled  organ  are  of  verv  l"rt*qtK*iit  owiirreiice,  purticularly  iu  gJaodiilar 


[  BOb  Jftr- ^utlH  atruptiy  of  llie  »kutl-ffip,  wjth  tXfi^'l  of  the  t*xt<'rnii(  XaUU*  and  tb«  tpon^y 


ptirtloii 


orgjiiis.     The  process  is  often  complicateil  by  the  o*Tnrieiice  of  inflam- 
tnatiou. 

Aeeordhig  to  their  genesis  tlie  forms  of  atrophy  may  he  ehissed  iis 
active  or  passive.  In  the  fiirnier  the  cidl  is  no  l<oi^er  able  to  make  use 
of  the  food  brought  to  it ;  in  the  lulter  the  food  is  eitlier  not  suinjlied  lo 
the  cell  ill  suthcient  qnautilyor  in  the  pr*i|»er  form,  or  hurmfnl  snb- 
stsinees  ave  bronght  to  the  erlls  wliirli   iiojiair  their  fonetion.     Active 


^.;^ 


.i» 


/*. 


nf  nil  (iirut^hlv  mii-  !•'.  [r"Lji  u  i  ii^t-  jt  t'i"jn>'»slv»^  luu^L'uJur  atmphv,  (MniU*r'* 
tj  ij«  Norniul  irjiixtr^TUiit^:  h.  litniphlr  ijiMjMle-t)brt»;  i\  perlmyiilum  Uitc*mtim«  tbe 
,  seeuj  to  U*  miTviiM»Ml  lu  miiiilH^r.     <  :JHl. 


atrophy  is  par! ieniiirlv  a  ])jirt  of  Ht'nile  fh'ffmrrailon.  (see  above),  hot  it 
€K*eiii>ialso  imd^r  | at h« (logical  conditirms,  especially  in  (he  ease  of  nerves, 
^laudH,  and  lunsele^  (l^ig-  SI)  whose  fimctional  activity  in  not  called  into 
pby. 

Tlie  rliuician    ordinarily  jvreiei's   another  elassifieat ion  of   atrophy; 


18S 


THE    HETROGRADE    CHANGES. 


y^Xi 


namely,   senile  atropby,  atrophy  due  to  irapairetl   nutrition,   pressure 
atrophy,  alro]>liy  fvf  disuse,  and  nenropatbic  atrophy* 

Senile  atrophy  (Fi^.  53)  is  p:ii1ly  Jietive,  iUHl  partly  passi^^e,  in  that 
it  is  not  shiiply  the  result  of  the  diminishing  vital  eneri^y  of  the  cell,  l*iit 

also  d**i»ends  in  iiart  upon 
the  narrowing  and  ol>litei*atioti 
of  the  vessels  eonveyin^j^  iiour* 
ishnient  to  the  cells.  It  may 
oetnir  in  all  the  or^^aus,  but  is 
often  more  marked  in  one 
organ  than  in  another.  Ttie 
bones,  kidneys,  liver,  brain, 
and  lieart  may  undergo  a 
marketl  btss  of  volume. 

Atrophy  due  to  impaired 
nutrition  may  result  in  the 
first  phu^e  fi't>nL  an  insutheieut 
RUiiply  of  fuod  to  the  buily  as 
a  whole,  or  from  extensive 
loss  of  the  fiuids  of  the  bmly. 
In  these  eases  the  whole  body 
is  alfeeted,  tlion^di  the  fat. 
l>lood,  miiseles.  and  the  ab- 
doiiiinal  or;ji:ans  suffer  to  a 
l^n'eater  extent  than  the  re- 
maiuin^  tissues.  Lneal  atrophL(^s  may  r<*sult  from  local  distnrbances  of 
circulation,  and  are  the  freipient  aeciuelne  oftflHt'aHti^offhf^artf'nrH  in  which 
the  V esse i  lumeu  is  narrowed  (Fif?.  TkU /.  Further,  tliey  are  of  freiptent 
occnrrence  as  a  result  or  a  part  of  iidbrmniatnry  ]irne(»ssf»s:  bid  it  shoubl 
be  noted  that  in  these  cas<\s  the  condition  is  not  of  the  nature  of  a  simple 
atrophy,  birt  ratlicrof  various  (h-f^fiumtlvc  rhttiujvs  leading  to  the  death  of 
the  cells  and  of  the  tissues. 

At  times  atrophy  resnlts  from  Hie  presence  of  deleterious  substances 
in  the  blood.     For  example,  iodine  causes  a  diminution  in  the  size  of  the 


m 


Fio,  Ss5. — Sonllfi  BtrophT  of  thp  Jrldney.  (Alcohol,  alum- 
carmini^.y  a,  Nurnml  nrJmtry  ln^nilin;  h,  rioruml  eloiiH^ni- 
lu«;  r,  Ktmma  with  hl»Mni-vi"^sp|s;  </,  iitn^phic  einl  ohtlti-r- 
ttU*f1  jrloiiKTului* ;  f,  sirmU  ar[i>ry,  wltti  thtrkniiNl  Intiiuu  ;  /, 
atrophic  uud  colltii««d  urinary  tubules.    >  24j<j. 


FiCJ.  56  —  Art4^rliisf  krotir  atnj|«hy  uf  Ihe  klijtiey.     (Natural  size.) 


thyroid  fjlaud.     In  ehrouie  lead-]>oisoning  the  exteuscu'  nniscles  of  the 
forcjiiiu  iu  particular  l>ccome  atrojdiic. 

Pressure-atrophy  occurs  wiien  a  tissue  is  subjectcMl  for  a  len^rth  <>f 
titne  to  a  nuKlerate  pressure  (Kip;,  57)*  It  depends  partly  upon  direet 
injury  to  the  tissues  and  partly  u|ion  disturbance  of  the  circulatioiK 
The  most  typical  examijles  are .-  the  atrophy  of  the  liver  causeil  by  the 
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pressure  of  lii©  edge  of  the  ribs  upon  the  urjj:tiii  itiie  to  tijj^ht- lacing  ( *^ cor- 
set-liver ").  and  the  disappeamiic<?  of  bone  (Fig*  57  )  fi»llo%Ying  the  press- 
ur-e  of  an  aortic  uneurisnn  tiunors,  or  of 
an  accumulatitiii  of  fluid  in  the  veDtricles 
tif  the  braiu. 

Atrophy  of  disuse  occurs  in  the  unis- 
cles,  ghinds,  bones,  nkin,  and  other  tissiu'S, 
and  is  dependent  upon  the  disuse  <>f  tlie 
orgau  in  quastion*  In  (he  eat*e  of  luusc^les 
and  glands  the  atrophy  is  essentially 
sictive;  tlie  nutritive  i^rocesses  diniiiiish- 
ing  su*  the  I'csult  of  the  lessened  fnuc- 
tional  activity.  In  the  nthw  tissncs  tln^ 
atrophy  is  i^ssenlially  di^pciident  upon 
the  h>wering  of  nutrition  of  the  disused 
jmrts,  thtingh  a  change  in  the  power  of 
a^uiilation  of  the  cells  cannot  be  wholly 
excluded.  ANTien  the  inacthity  occurs 
during  the  peritwl  of  devehipnieut,  and 
the  tissue  ns  a  residt  becomes  stunted,  the 
conditiou  is  to  be  rcgard(^d  as  a  liyi>o- 
pliisia,  thongh  no  shiirp  line  can  be  drawn 
between  hyiKiphtsia  and  atn>ph>,  since  in 
the  foi'Tuer  there  may  be  also  a  <lis;i]ijiear- 
ance  of  slructures  wliich  Inul  undcrgnne  a 
certain  dt^^ree  of  developnuMit. 

Neuropathic  atrophy  is  a  result  of 
disease<l  conditions  of  the  nervous syslein, 
and  is  a]niarcnt  nuist  often  in  an  atiupby 
of  the  nerxes  and  tnuseles,  t  hi  nigh  other 
lissnes  niav  be  alfected. 
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Ft"*.  57,-  Pri'saufv-Blmphif  of  the  spinal 
tYHiiittn,  duw  to  pressure  by  aoflk'  iint'iir* 
tarn. 
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lit<iJilMlni|t|jy. 
and  tiuivl.) 
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For  exaniph%  a  Tier  destrnction 
of  1  he  anterior  horns  ur  of  theni<»tor 
ro<»ts  uf  the  s]uiial  cr»rd,  thrrc*  ful 
lows  an  atro])hy  of  the  correspond 
Jug  ner\es  and  nrns4'les.  After  in 
jury  of  the  fM-riplieral  nerves  the 
skill  often  lie  comes  atro|duc.  Ac- 
cording- to  Tuany  uutliors,  dis<nise  of 
the  uervetrunks  of  one  siilc  of  the 
face  is  followcnl  l>y  a  mnffftt  n/l  nrH- 
yopftfftfC  /(tnul  (ftrophtf  (Vi^r^  .vs),  but 
by  others  (3Iohins)  the  nenropathie 
nature  of  this  condition  is  contested. 
Unihit(*nd  affections  of  the  In'ain  in 
foetal  life  or  dnrhif^  childhooti  may 
lead  to  atrophy  of  the  ojiposile  side 
of  tlie  biMiy  (fviif/t'nihd  atul  hiOfniHe 
hnniafropkif)» 


190  THE    RETROGRADE    CHANGES. 

Literature. 

(Atrophy.) 

Borel:   Contribution  &  Tetude  ties  asynietries  du  visage.     Th^se  de  Berne,  Gten^ve, 

1885. 
Charcot:  Maladies  des  vieillards.     O^uvres  compl.,  vii. 
Coen:   8uir  inanizionc  acuta.    Bull,  delle  Scienze  Med.  di  Bologna,  ser.  vii.,  vol.  i., 

1890. 
Demange:  6tude  clinique  et  anatomo-pathologique  sur  la  vieillesse,  Paris,  1886. 
Demme:   Hemiatrophia  facialis,     xxii.  Ber.  tib.  d.  Tlifttigkeit  d.  Kinderspitals,  Bern, 

1885. 
Flemminer:  Riclitungsfigur  iin  Ei  bei  Untergang  d.  Follikel.     Arch.  f.  Anat.,  1885. 
Hammelshein  u.  Leber:   Atrophic  d.   Netzhaut  nach  Endarteriitis.  A.  f.  O.,   lii., 

lUOO. 
Herz:  Hemiatropb.  fac.  progressiva.     Arch.  f.  Kinderheilk. ,  viii.,  1887. 
Homen:   Zur  Kenntiiiss  der  Hemiatrophia  facialis.     Neurol.  Cbl.,   1890;   Festskrift 

frail  Pathologisk-Anatoniiska  Institutet,  llelsingfors,  1890. 
Jarotzky:  Verflnd.  d.  Pankreaszellen  bei  Inanition.     Virch.  Arch.,  156  Bd.,  1899. 
Joseph:   Trophische  Nerven  (Ilaarausfall  nach  NervenexcisionV     Virch.  Arch.,  107 

Bd.,  1887. 
Levin:    Halbseitige  Gesichtsatrophie  (Zusammenstellung  der  publ.  Faile).     Charite- 

Annalen,  ix. 
Lukianow:  L'iuanition  du  noyau  cellulaire.     Rev.  scientif.  Paris,  1897. 
Merkel:  Die  Gewebe  beiin  Altern.     Verb.  d.  X.  internat.  med.  Congr.,  ii.,  Berlin,  1891. 
Morpurgo:    De  la  nature  des  atrophies  par  inanition.     Arch.  ital.  de.  biol.  xii.,  1889; 

Karyometrische  Untersuchungen  bei  Iiianition.     Virch.  Arch.,  152  Bd.,  1898. 
Mdbius:  Der  umschriebene  Gesichtsschwund,  Wien,  1895. 

Mtihlmann:   Die  Verftnderungen  im  Greisenalter.     Cbl.  f.  allg.  Path.,  xi.,  1900  (Lit.). 
Ndtzel:   Rl\ckbildung  der  Gewebe  im  Froschlarvenschwanz.     Arch.  f.  mikr.  Anat.,45 

Bd.,  1895. 
Penzoldt:  Ilemiatroplia  facialis.     MOnch.  med.  Woch.,  1886. 
Pfitzner  :  Zur  path.  Anat.  d.  Zellkems.     Virch.  Arch.,  103  Bd..  1886. 
V.  Becklinghausen :   Ilandb.  d.  allg.  Path.  d.  Kreislaufs  u.  d.  Emfthrung,  Stuttgart, 

1893. 
Salvioli:  Sulla  pretesa  influenza  trofica  di  nervi.     Arch,  per  le  Sc.  Med.,  1896. 
SeeligmuUer :  Gesichtsatrophie.     Eulenbnrg's  Realencyklop.,  1895. 
Stier:   Verhalten  d.  Musk.  u.  Nerven  nach  Las.  d.  Nervensyst.     Arch.  f.  Psych.,  29 

Bd..  1897  (Lit.). 

See  also  §  51. 

V.  Cloudy  Swelling  and  Hydropic  Degeneration. 

§  53.  The  term  cloudy  swelling  or  parenchymatous  degeneration  or 
granular  degeneration  is  applied  to  that  form  of  cell -degeneration  which  is 
characterized  histologically  by  a  swelling  and  enlargement  of  the  cells 
due  to  the  formation  within  the  eel  I -protoplasm  of 
free  granules,  which  according  to  their  microchemi- 
cal  pro]>erties  (solubility  in  acetic  acid,  iusolubilitj' 
in  alkalies  and  ether)  are  to  be  regarded  as  albumin- 
ous bodies.  The  epithelial  cells  of  the  kidney  and 
liver  (Fig.  59),  and  the  cells  of  heart-muscle  f  reqiient- 
FiG.  5u. -Cloudy  swell-  ^^  ®^^^'  ^'*^®  degcnenition,  thereby  acquiring  a  cloudy 
inj?  of  liver-oeiis  (scrapinjr  appearance,  as  if  covered  with  dust,  while  at  the  same 
thriive^r*'ora  nian^dyiniJ  ^^^  their  normal  structure  (filamentous,  granular, 
\i  ?r<KS"\tt  ^srr,rj  ^Iveolar )  and  form  are  lost.  Thus  for  example  in 
xa5<i.  clond\  swelling  ol  the  kidney-epithelium  the  rod -like 

marking's  of  the  ])rot()plasm  are  lost  (Fig.  60,  d),  as 
are  also  the  cell -processes  projecting  into  the  lumen  of  the  tubules. 
The  swollen  cells  (/>,  r,  d)  are  larger,  more  plump,  and  contain  dark 
granules.  This  change  is  to  l>e  regarded  as  a  diHorganization  of  the proto- 
pfaam  following  an  absorption  of  liuid,  and  leads  to  partial  separation  of 
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the  solid  and  Hijuid  roust itueiits   of  the  protoplsi^in 
the  HUctriiJi  Hirt'lh  and  nmhrf/or^s  dinorffanhaVion. 

Eerovery  is  |)i>ssible  at  a  fM/rlain  decree,   and  the  cells  luiiy  lie  i"e 
stored  lo  their  uurmal  eouditiuti.     iu  i»ther  o^lsi'S  the  eel  1  body  is  de 
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FIG.  fll»» — rloiuly  «r(i'i?niD|yr  or  tMnpy  eplthHltitii.     (rhrtitui**  arid,   nniiiionia,  ^rlyr^dti.)    n,  Nortij^t 

Syed,  break io;^  up  into  frraiudjir  fra;^Jiients.  Fatty  det^i'^iieiation  very 
often  aecoinpaiiirs  cIotkIv  s\vel!i^^^^ 

Cloudy  swellinj^  may  oceiir  in  tlip  eells  of  aay  uf  the  panMiehyiiiatoiiH 
organs,  as  tlie  livei\  kidneys,  or  ht^art,  darin*i  Wm".  coiirs<»  of  the  luajot  ity 
of  tlie  infr(*ti<jus  dis4*iLS4*s,  part  ieularly  in  seaHet  frv<*r,  lyjjhoid,  Miiall- 
pox»  erysipehus,  diphtheria,  sepfiea'niia,  ete.  Ttie  ailVete*!  <>rji;ans  piv- 
sent  a  dandy,  dull-shiiiinjr,  <>ften  pray  u|»pearanee;  in  marked  eases  the 
orjrt*ii  limy  api^eiir  as  if  eixjki'd,  the  blu*Ki-e<>iite?d  is  \  ery  slight,  I  he  con- 
gastniey  doughy^  aitd  the  lliiin*  details  of  stroetnre  are  lost» 


It  i«  not  improbfililf  tliai  ftiitrjlytlr  pmct'sscs  (>w  pum;;ra|>li  40)  \y\ny  a  rok'  in 
parfridiyiimtous  ih'^frHTMtjoii  (/,ifii7//*/*»>i<r).  Or(//rr  regards  it  rts  ati  aiii*»lysis  atfom 
|i*itik'il  t»y  rtu  iuri'i'UHi*  of  tlje  wiOor-roulrnl .  The  ;;mnuk'S  wliirli  iMicoiiie  visibk-  foitl 
ii|t<iw  ilriyhle  rt^frfK'iitnj  1m' rri^urils  aH  protii^oti,  vvhith,  during  autolysis,  is  eitljer  prr* 
Kmr<'d  bc«-mis«^  of  its  j^Hglii  ,v>luliitity  <*r  during  tlie  course  of  ttie  procegi*  is  precipi- 
lAt«'«l  in  the  form  of  gruuules. 
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§  54,  Hydropic  degeneration  is  that  IVvriu  of  ilegeiieratioii  frcMjueotly 
observed  in  ei'llsid*  dinVivnt  kiiids,  wlH*ix4>y  lliey  herojne  Kwollentliruu^h 

the  i  ni  b  i  b  i  t  i  o  ii  of  Ihiid. 
\V  ht'iieijitht'lial  crlls  initler^u 
this  chaiij^e  tbt*  crll-i^tintiMifs 
appear  (diMi\  tlie  ^rauules  cif 
the  protoplasm  are  i»r**sse*l 
farther  iipart  Ijy  the  (laid, 
often  bluing  erowded  into  u 
riir^^  at  the  periidiery  of  the 
eell ;  the  cells  thus  coming  to 
I'esi^mble  phiut-eells  to  a  cer- 
tain extent.  Vacuoles  (Fig. 
r^l,  ^)— Ihat  is,  glohules  of 
dear  tluid  —  may  often  lie 
formed  within  tbe  cells.  The 
uuelens  (r)  also  swells  and  be- 
comes chunked  to  a  largo  blad- 
der-like viu?uole  containing 
clear  ttiiid.  In  mnsch^sshoW' 
ing  hydropic  degenenition  clear  droplets  of  lluid  a]>iK*ar  iH^tueeii  the 
tibr]lla%  pushing  the  latter  apart.  (Figs,  i\2  and  i):^,  a,  h).  Through 
an  a!a;n(iant  format i«jn  of  sneh  firops  the  nniseh'  tibi^s  may  aecpiire 
in  ]  J  laces  an  appearance  of  loam  like  bubbles  cFf;:.  r»2^.  At  tirst, 
the  mnsele  litaes  between  these  drops  remain  pix\served,  but  finally  the}" 
undergo  fragmentatitm  and  liqiie^ 
faction, 

Hyth'opie  degeneration  of  cells 
nuiy  be  the  result  of  ledema  (Figs.  j^ 

62  anil  ti3  ) ;  it  occurs  also  in  inlknn- 
inatory  fo<d  (  Fig.  41,fr)andinlnmor- 


Fig,  6L— Hydrnpit*  d^irciieraaoii  of  opitlietlkl  fills  Ipmu 

fj,   Lin-baii*j'+^I  t^hitbehiiiij :    h,   bydrsipli:    evils  ronUiltiliiir 
bladd*»r-llke  tlr<Ji«s  nf  ikiid  [|)hysailkte«j;  c,  bydrtipio  nucld; 
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fmm  tlje«'alfuiii*rle  ill  ♦lin«rnru-<lf lull  of  tJie  It^. 
( KU'ttimlngV  e^ilutluii.  aummin.l        la. 


¥\G.    oa,— TransvfTSP  8i*i'n'»ri  of  ii   tnuKrlfs 

Hfvpfs.  lMailt»r*«  niilil.  liiiMnniox villi,)  ri.  Mium'Ii^- 
Hhrv  wtai  smiill  drofis  ••{  flitld :  b^  mujicle-ntxrt* 
Willi  Isn'tfr  tll!(il«,      •  tMJ, 


cells  (Fig.  raV  In  the  cas<*  of  indammaiiiui  the  degener;itive  character 
of  the  ]vrocess  is  more  marked  tlnui  in  the  case  of  cedema  ;  ami  a  complele 
"iquetaetion  of  the  cells  and  nnelei  may  result.  In  y:^dema  the  cells  iu 
spite  of  their  hydropic  condititm,  may  remain  alive  for  a  long  time. 


IM 
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no  Cirt  al  all,  in  the  latter  case  reTeitiii^  to  the  type  of  ordinary  conneo- 
tiTe-tisiDe  ceU&  The  atrophic  fal-loboks  often  take  on  a  pale  yellow 
eirfor  through  the  formation  of  pi^nent  in  the  cells  {ffdlaw  atrophy  of 
miif0m^'tmfme).  Throogh  the  collection  of  floid  between  the  atrophic  fat- 
celL^  the  fat-ti»$oe  Tmoeit  frequently  in  the  cardiac  pannicnlos)  becomes 
tnuuilncent,  resembling  myxomatoos  tissue  (arroiw  atrophy  of  adipose 


Hypertrophy  ol  adipose  tissue  kads  to  the  condition  known  as 
obesity,  adipositas,  or  lipomatosis.  It  is  dependent  primarily  upon 
an  exeessiTe  food-sopply ;  but  there  are  frequent  individual  exceptions 
to  this  rule,  since  in  many  people  an  increased  formation  of  panniculus 
docs  not  take  place,  no  matter  how  rich  the  food-snpply.  Again,  an 
abondant  deposit  of  Cat  occurs  in  some  individuals  when  the  food-supply 


FK>.fe—Llpf>in>tnrtg  of  the  citfmo«piw.MBodated  with  atrophy.  (VftDeeft  flold,  carmine.)  o^Trans- 
ftftn*-  snetioo  of  normal  Obre;  Oi,  of  atrophic  flbfte:  Ot,  transrerae awtlon  of  ■uvotemmA tahe  oontalnlni^ 
dWnteffrated  eootractUe  substance ;  6,  coonectiTe  tteue ;  c,  fil  ftinf      X  6Ql 

drj^  not  exceed  the  normal.  In  such  cases  the  cause  of  the  lipomatosis 
mrjAt  be  sought  in  an  inability  on  the  part  of  the  organism  to  destroy  the 
fat  brought  to  it  or  arising  normally  within  it. 

In  general  lipomatosis  the  deposit  of  fat  t;ikes  place  first  in  the  normal 
fat-depf^)ts,  and  then  later  in  phu^s  that  normally  contain  no  fat,  for  ex- 
ample, in  the  connective  tissue  of  the  muscles,  in  the  myocardium,  and 
even  l>enf^th  the  endoeardium.  A  local  lipomatosis  may  occur  in  various 
regions  of  the  body,  for  example,  in  an  arm,  the  front  of  the  neck,  nape, 
etc.,  and  leads  to  deformities  of  the  affected  regions  resembling  elephan- 
tiasis. When  occurring  in  circumscribed  masses  or  nodules  the  con- 
dition is  classed  with  the  fatty  tumors  known  as  lipomata  (see  Lipoma). 
A  Uk-jiI  lipomatosis  occurs  also  as  a  peculiar  diseiise  of  the  muscles  in 
which  without  the  agency  of  extrinsic  causes  but  as  the  result  of  a  con- 
genital anlage  the  muscles,  particularly  thqse  of  the  csilves  of  the  legs, 
increa.se  greatly  in  size  (Fig.  65,  c)  through  the  development  of  adipose 
tissue  in  the  y)erimysium  internum.  At  the  same  time  they  become 
weaker,  since  many  of  the  muscle-fibres  ( Fig.  t>5,  fi,  Wj,  a,)  may  disappear 
(atrf/phia  museidonun  lipomatosn  pHciulohypeiirophiai).     Finally,  in  other 
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e;454e5  adipose  tissue  may  develop  secondarily  in  places  whei*e  other  tissue 
liius  lUsitppeiired,  for  t'xuinple,  within  nuiKeles  (Fig.  i'S,  e)  that  have  be- 
come atrophia  iis  the  result  nf  disease  of  the  uuterior  horu  of  the  sjiiiial 


.■  •  "^       ii       ,1^' 


1      '^^ 


;  Ft<».  nW.—S^rtinnT  tou-s^  iilitr  ain.pbv  with  lipomatosK  tn  asrendlnjar  atmphr  of  the  aiit4»rior  u«n»s  of  tho 
■1  f;i»rt1,  (Mtlll»-r*s  Oiilrl.  Bt^Tiiun  k  hmwii.)  8+^Mon  fnnn  Wi«  rulf  iiiiim  If.  ti.  Imiisversu  *ei'tluii  of 
i|}k'  mustle-Obrea;  h,  pfnmyfiuiu:  <•,  fat-tifl«tie ;  </,  artery;  t:,  vi'lru    >  ttiA 

cord  or  in  the  east?  <»f  lyiniih-^laails  thai  in  old  age  have  lost,  for  the 
in'eJiter  i>art,  their  lyniphoc^ytes. 

Tlie  ifat  of  the  glandular  orj^ans  occurs  ordinarily  in  small,  even 
very  ininiite  dmiih^ts,  hut  in  tlie  ('as<>  of  a  great  almiidanee  ni  rhe  fat 
Ijiri^er  «Jniplets  niay  1h^  fuiiiu'd.  The  .sehaeetms  glands,  >I*dbonnari 
i(laiids,  laehrymal  ghiinls,  and  adrenals  are  especially  rich  in  fat*     It  oc- 


\9^  m^ 


Fio,  07, — Skill  Willi  4sveal  glauils,  from  ihe  Mile  at  iIh-  foot,     (Ouniic  af-M  )     n,  Thick  Kluwi 
ccklU  wlih  line  fni  tjrtipk'ib:  h,  ^iHruk-r  kImtI  *'oil«  without  fat  tJropleis;  c,  fat  iJrops  \yinis  about  thv 


citiTS  to  fi  lesserexlent  in  thetesticles  and  ovaries;  still  less  in  thesidivary 
ghmils.  thyroid  and  sweat  glarjds  \  Fig.  <)7,  a)^  The  kidneys  huve  t!iV 
knvsr  fat  content  of  any  of  Ihc  glands.  Daring  the  period  td'  fnnctional 
activity  (testicles  and  ovaries^  and  in  advanced  age  the  fat-eoiitent  is, 
in  gene  ml,  somewhat  increased.      In  the  testicles  and  ovaries  the  fat  is 
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found  both  in  thf*  ppitht^li:ii  rells  find  in  1h€*  eoniiertive  tissue.  Fiirthrr, 
the  fat-content  of  I  he  glands  is  very  eoiistanl  and  bnt  slightly  depend*M)t 
njHHi  thi*  eoudition  of  the  ^^eneral  nutrition,  so  that  it  does  not  disjippear 
durint::  stanation  (TriUiia)*  This  ji^hmduhir  fat  may  then  be  desi^jnalpd 
as  tin'  permanetit  fat  fir  intrinsic  ifat. 

Tfn*  livrr  h*»Ids  an  es{ieeial  position  anioji;j:  i\w  i^hindi^  in  so  far  as  fat 
is  concerned.      As  do  the  other  f^J<inds  it  contains  miistantly  a  eerraiui 
Jiuiuber  of  fine  fat-dropletti  which  do  not  vanish  dnring  starvatiun.      In 


l!l^!&S^i 
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Fig,  ilw.-  Fatty  ltv+ r  (nnii  u  nuii*  nf  puIiiHamrv   [ulM'rf"Uli>sls.    (Flemmlutr's  ,s4>jutl(irt,  jtfifranln.i    rt. 
Central  porttoa  of  Qui*  I iviT- lobule ;  /*,  perlpliHrul  zrmi'  t'ODiaLiiiii^  !al ;  (\  pt  rliKJitiil  a»Dntrtiv*f  tl^^ue.     <  30. 


additii>ii  there  also  oecnrs  a  temporary  storap*  of  fat  which,  he^juniing 
in  the  periphery  of  tlie  lohnle,  exU'nds  toward  llie  eentrea^s  apnigessi\e 
tilling  of  the  liver-cells  with  faiHlrofjlets  (Fig,  *»S,  b)\  and,  tinally,  tlie 
liver-eells  may  l>et't)nie  coinjiletely  changed  into  fat-cells,  su  that  tht*  par- 
eneliy  j,a  aeipiires  a  stnnv color* 

Fttttfi  hijihmtiuti  i\i  the  liver  may  rennlt  fr<ini  excessi\e  t\>od-8Upply, 
hut  is  nincli  nuiri"  freqntMitly  ohs^'rvetl  io  nianisoiie  indiviflnals,  partieu- 
larly  in  *'t*nsurnpt  i\**s  u  hf>sc  painiiculns  is  atr'<>phic.  Inability  t»n  Uie^ 
pai  t  ui  Ihc  live]"  to  ileslrny  or  logivi*  \v\\  again  llo'  fat  In'c^ngh1  U\  it  from 
tlie  intestine  or  from  the  fat-depols  appears  to  be  the  cause  of  this 
phennioenon, 

Mitsdc-tihfm,  HtirftWf  rpithflhim,  the  fpifiifUtfrn  of  tJ  if  emit  ffUrntl-tJnetH^ 
ftirtfl(ff/r-c't'lh^  roHttrrfirrtimUf  rrih,  rawithtr  t-iidothHiunK  Irtwtfvfiffft^  hpnpho- 
cf/trs,  etc.,  show  a  Vif riahfe  eontrtit  u/Jat :  init  all  contain  fat  without  show- 
ing any  changes  that  can  be  regarded  as  degenerative  in  laUire.  In 
iudividuid  cas^^s  it  is  evident  ttial  the  fat'Cootenl  is  dependent  upon  an 
alinndant  supjdy  of  fat  from  tin-  iiilestiuc  or  id*  trausjiiuialitui  of  t'al  iVoni 
the  fat  ilepots.  especially  in  those  cases  in  wliieli  the  lencocytes  or  the 
vascular  enciutheliuin  (  particniaiiy  liiat  in  the  liver  >  are  rich  in  fat.  In 
still  other  cases  thei-e  are  detinite  functional  conditions  (the  muscles) 
during  which  a  rich  su|iply  of  fat  a]»i»ears, 

The  spleen  and  tin-  lymiih-glantis.  with  the  exception  uf  the  mesen- 
tenc  glands,  to  which  fat  may  be  brought  from  the  intestine,  coidain  bnt 


FAT. 


197 


little  fat;  mi  tlu*  uthor  hand,  tin*  tliynma  is  relativt^ly  rieh  in  fat,  particii' 
Lirly  at  the  time  (if  its  greatest  development. 

All  animal  fats  art-  inixtim^H  «if  uk-in,  palniitin  umj  stearin,  that  is.  of  cnmbimi- 
lioii^i  of  oleic  acid  (C-HsJ)*),  i^teanc  acid  (t\-,H»,J  )4>  ami  palniitic  acid  (CtiH,«Ua) 
^nth  the  trivalent  alcohol  ^lyceriu  (CaH^OHJa)  to  form  rietitral  esters,  the  a^Hcafleii 
trip^lyciTidoH.  Wlieihf  r  taken  in  as  fn^i»  fatty  acids,  i^^  neutral  fati>,  or  as  soaj:>s,  the 
process  of  abeorption  is  always  the  sunie;  they  aiJi>eiir  constantly  in  tlie  t'onti  of  neutral 
lats  in  the  clmnnels  through  which  ali.si:)r]>linn  t^ikes  place. 

Ill  close  relatitjfiHhip  to  the  hiLMly-iats  stand  the  Ivcitkinx  (comhinationis  of  each 
simple  molecule  of  p;lyci'rin-photi(»horic  acid  with  two  rnolecules  of  fatty  acid  and  the 
complex  of  an  annriornuin  l>a>e,  cholin),  Uie  pnttatjorw ,  and  tin^  rhvlefftenns,  suhstnnc^a 
which  oce*ir  in  small  ainoiint  in  the  moxt  vancil  (issues,  but  al^undantly  in  the  myelin 
of  the  hraln  and  the  peri|dieral  nervew.  Cholesterin  occurs  aWi  in  the  bile.  Th*? 
brp-Jikin^-down  of  all  the  components  o(  the  lecithins  cont^inin^  neutral  fat  Icjids  first 
lo  the  fomialiun  of  fatty-phosphoric  acid,  which  is  then  apht  into  fatty  and  glycerin- 
|>hoistdioric  acids. 

The  fat  contained  in  th-^  human  orfriinisin  is  derived  primarily  from  the  food-fat 
taken  up  in  the  intestine.  In  the  erirly  weeks  uf  life,  when  the  intestine  of  the  nursing 
infant  is  still  abnormally  f>errneable.  the  finest  fat-droplets  are  taken  up  as  such  and 

carried    through  the  lyittph- 

^^     stream   into    the  bhiod.     In 

later  Iffe  the  taking  up  of 
unchanrjed  fat  through  the 
intestinal  eju'thelium  proba- 
bly takes  place  to  a  very 
sh>ht  de«free  or  nut  at  all, 
that  is,  the  hit  is,  for  the 
Kreaterpart.  split  u|i  in  the 
intestinal  cjinabantl  through 


>.»:«.•■ 


nulef-elii*  \n  an  anwmfc  urea  of  frtttcnlrifr  In  the 
jl  t.i  «r.  Fal-STTinul** cells:  ^Jtlotiit-veaseb.  >  'MX. 


•y^  these  soaps  are  clijiii|fed  iiito 

upherulcsiif  neutral  fat  <ju«t 
as  abjwirbed  peptone  is  ajeaiii 
chan^i'd  into  albuminate). 
The  glycerin  necessarj'  for 
this  change  is  absorbs  I  di- 
reetly  fnini  the  intestine, 
%rh<»r^  i;  -  ri' -' -li   ui  a  free  state  arising  from  the  splittiuj;  of  the  neutral  fats. 

In  the  entrance  of  the  fal  into  the  cidls  of  the  fat-*lepc»ts  the  fat-nioleeule  is  a^in 
«f>lil  up  and  then  reconstructed  within  the  cell**. 

Ac^tjniing:  to  Arnold,  the  entrance  of  fat  into  the  celk  is  associated  in  many  cases 
with  II  certain  activity  of  the  plasmosomes,  and  is  therefore  eonneete*!  with  the  cell- 
granuies«  which  he  regards  as  tlie  rnorphohigic:>il  products  of  the  function  of  the  [>las- 
mo^irne'^L  In  the  intracellular  fat- format  ion,  desisfnated  by  him  as  ijxaiiular  fat- 
iyotb^slSt  which  ticcurs  in  leucocytes  and  lymphocytes,  also  in  endothelial  cells, 
r»»nneetive-t issue  c*dls.  cartilage-cells,  e|uthelial  and  >^land  cells,  soap  is  taken  into  the 
cells  m  a  soluble  form  and  them  undergoes  a  ^rannl  ir  chan're  into  fal.  The  fat- 
clrt»pl«-ts  appear  at  the  site  of  the  antece  lent  j^ranules 

In  this  manner  there  aris^  iii  purr  th'^  so-c  ilJeJ  fit^granule  cells,  leucocytes  and 
lymphocytes  closely  packc*<l  with  fat-droplets,  that  occur  frecptently  in  areas  of  necrosis 
utid  infianimation.  particularly  in  the  central  ner%'oua  system  [Vi^,  01b  «).  According 
to  AmM  the  unifonn  size  of  the  fat-dro|tlets  speaks  in  f:ivi>r  of  such  an  origin.  Such 
leniniile-cells  nmy  also  be  formed  throtigh  phaynrytfmft ;  that  is,  the  ainreboid  cells 
may  take  up  thn>ugh  their  protoplasmic  movements  fat-droplets  lying  frt»e  in  the  tissues 
(in  'wifteninp  of  the  brain  anil  spinu!  cord  they  arisj  through  the  disintegration  of  the 
me-luHiry  shenthsL  In  the  event  of  such  occurrence,  chemical  and  morphological 
ch  ine*'^  ll^  the  miteri  d  t  iken  up  are  not  e,Kclu  le  L 

rtie  carbohydrates  form  a  second  sourcp'  of  fat-formation  in  the  organism,  hut 
the  chemicii  prtK^eMses  attendinu  the  formation  of  fat  from  carbohvfl rates  have  not  been 
dcti*rnt>ined-      It  is  probable  tint  the  amount  of  fat  so  formed  is  relatively  much  less 
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than  the  fat  taken  in  as  such  from  the  food.  It  is  still  a  question  as  to  whether  fat  can 
be  fonnecl  in  the  body  from  albumin.  Since  many  facts  speak  for  the  transformation 
in  the  animal  body  of  certain  groups  of  the  albumin-molecule  into  glycogen  or  grape- 
sugar,  the  theoretical  possibility  of  the  formation  of  fat  from  albumin  cannot  be  denied 
(Kraus). 

Of  the  fats  and  lecithins  present  in  the  organism,  those  contai^iing  oleic  acid  alone 
reduce  osmium  tetraoxide  to  a  black  osmium  hydroxide,  so  that  treatment  with  osmic 
acid  or  Flemming's  solution  does  not  show  the  presence  of  palmitin  and  stearin.  On 
the  other  hand,  Sudan  HI  and  Scharlach-roth  (ponceau)  stain  all  the  fats. 
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j^  56.  Fatty  degeneration  or  fat -rnvtamorphoaiH  is  that  condiiion  of  the 
relh  in  which  fat- droplets  appear  in  the  protoplasm,  in  mich  a  inunm^raHtoindi- 
(•ate  a  change  In  th/*  chemico-phymml  ceU-structnre.  In  a  part  of  the  C4uses  this 
change  may  be  inferred  from  the  appearance  of  the  cells,  in  that  frajr- 
mentation,  disintegration  (Fiff.  70,  e,f),  and  separation  of  the  cells  from 
their  sabstratPT**  ^  ^6d. 
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The  views  of  Virchow  were  formerly  accepted,  to  the  effect  that  in 
lipomatosis  there  occuiTed  a  deposit  of  fat  from  the  blood  and  tissue- 
juices;  while,  on  the  other  hand,  in  fatty  degeneration  there  took  place 
a  formation  of  fat  from  the  albumin  of  the  degenerating  cells.  Eecent 
investigations  make  the  latter  view  doubtful.  Although  the  possibility 
of  a  formation  of  fat  from  albumin  cannot  be  denied,  it  has  not  yet  been 
proved  that  this  is  the  case  in  the  so  called  fatty  degeneration  of  the  cells. 

In  many  cases  what  we  call  fatty  degeneration  is  only  the  expression 
of  a  molecular  physiad  deconstUution  of  the  cells,  a  fat-metamorphosis,  in 
which  the  fat  contained  in 
the  cells  in  a  form  that  can- 
not be  recognized  micro- 
8CM)pically  is  separated  out 
into  the  form  of  visible  drop- 
lets. Therefore,  an  increase 
in  the  actual  fat-content  of  the 
cell  does  not  occur  in  fatty 
degeneration.  Eenal  cells 
that  on  microscopical  ex- 
amination show  no  fat  may, 
nevertheless,  conta.in  twenty 
per  cent  of  fat.  Should 
fatty  degeneration  occur,  so 

that  the  fat  becomes  visible  in  the  form  of  droplets,  the  total  fat-content 
is  not  increased  (Rosenfeld,  Kraus).  A  process  similar  to  that  taking 
place  within  the  body  occurs  during  the  autolysis  of  tissue  preserved 
aseptically  in  the  incubator,  fat-droplets  becoming  visible  in  such  tissues 
(Hansen,  Wentscher,  Kraus,  Miiller,  and  others).     When  fat  as  such  is 


Fio.  7U.  —  Fat-containlntp  llver- 
oella.  a  and  b,  Fat-lnflltration ;  c,  d, 
e,  /,  fatty  defeneration.    X  400. 


Fio.  71.— Fatty 
degeneration  of  the 
heart-muscle.  X  850. 


Fio.  72. — Anaemic  and  fatty  necrosis  of  the  myocardium  85  hours  after  the  closure  of  a 
coronary  artery.  (Flemming's  solution,  safranin.)  a,  Necrotic;  6,  fatty  muscle  fibres;  c,  con- 
nective tissue  with  leucocytes  containing;  fat.     X  300. 


not  present  in  the  cells  it  may  arise  through  a  chemical  deconstitution 
of  the  lecUhm^  cerebmiy  and  jyrotm/om  (myelin)  contained  in  the  cells. 

A  second  source  of  the  fat  api)earing  in  fatty  degeneration  is  the  fat 
trouffht  to  the  affected  cells  by  the  blood  and  tisme-jmceSy  arising  jcither  from 
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Firi.  T^L— Ffllty  de*re!jt»mtl<>n*  vncu<iUi?atlon,  and  dlsfjr- 
dfanJi^atlnn  (jftht^  henrt-imiwle  In  a  [latlt'nt  dyliiir  frcnn  jineu- 
mniitu   iiml  nc'plirftls.    tFlruirntntf^*  ^^nfrtmin,  >  4i.  Trans- 

iif  ftttty  c!eK«tiera,tlnii :  muKtl«>4-i'>ll»  wlib  viu:uol<-«;   r^dl»- 
oriiiaizt»d  celL    X  m). 


the  fat  contained  hi  the  focKl  or  t  tan  sported  from  the  fat-depots  in  other 

tissues.     For  exaniple,  in  phosphoruS'poisomug  a  tmnsportation  of  fat 

from   the   piJiniicuhiH   to   t\w 

Hver  takes  place.     It  is  also 

probable  that  the  stiuie  Ihio^ 

ot^cui"«  ill  other  iDtoxieation 

(arsenie,  aicohoK  chlorofonu, 

oleum    piilegjjj.       In      i<iii*h 

eases  an  iiiereasii  in  tht^  fat- 

eoiitent  of  the  aflVetcd  ttri^ao 

must   result,  l>ut  this   is    not 

always  the  result  of  a  syn- 
thesis  of  fat,    that  is,    of   a 

formation     of     higher     fatly 

aeids  and   glyeerin  and  (heir 

combination,  but  is  a  takiii|j;- 

up  of  fat  tbat,  either  as  siieb 

or  tus  soaps,  hiis  l>een  given 

over  to  the  blood. 

In  the  condition  which  we 

call    fatty    dejj;eueration,    the 

fat.   aj>pears    usually    in     tlie 

form  of  tine   droplets   (Figs. 

71,  72.  ft,  73,  b,  and  74,  h),  bat 

these  may  also  become  continent  to  form  larger  drops  (Fig.  75),  partieu* 

larly  during  the  disintegration  of  the  cell  (Fig.  70,/).     The  conditions 

under  which  the  fat  of  fatty 
a'  pf^r*  ri?f  ill  degeiieratiou  appears  make 
i^Jr  .riff.™  j^  probable  that  the  eelh 
trhicJufrr  iheHt/ai  of  (hr  fatty 
mektmorphomH  ifrr  dill  livitiff, 
hift  hit  re  hfvH  injifrvd  htj  ex- 
irinHk*  bifhtenecH.  In  ane- 
mic infarcts  of  the  spleen, 
kidneys,  and  heart,  the 
fatty  cells  (Fig.  72,  h)  are 
found  in  tliezoneof  transi- 
tion  Itetween  the  necrotic 
(ii)  and  the  living  tissue; 
that  is  where  the  circulation 
of  tiie  I  flood  and  lymph  is 
weakened  and  imperfect, 
but  has  n(>t  ceased  entirely. 
The  appearance  of  fatty 
cells  in  glands  (Fig.  70,  r, 
*h  *'r  /)i  in  the  endotheliuni 
of  the  blood-vessels,  or  the 
cells  of  the  heart- nui.sclc 
(Fig.  73,  h)  o<^enrs  in  in- 
toxi(*atioiis  and  infections 
as  the  result  of  cell-iti- 
jiiry  through  toxic  action. 

Chronic  fatty  degeneration  of  the  heart-muscle  (Fig.  74,  h)  is  seen  in 

valvular  lesions,  pulmooarj^  emphysema,  general  anaemia;   in  the  renal 
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Fir.  7**.— Mutfeunl  fatly  dejiCt^nerntltm  (clironic)  of  Ltie  heiirl- 
muafUs  irit'miiiltig's  atilutioiu  wifmniti*)  *t,  Nonunl  mii»«liv, 
h^  mujicle  wlilc'b  baa  uoderfroiiu  fuily  dBgeoemttuu.    K  ^>. 
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epithelinm  of  consumptives  it  occurs  partly  as  the  result  of  a 
supply  of  oxygen,  uud  partly  tts  tlir  act  ion  of  toxic  subsli 
peri  mentalin  vest  ifjat  ions  have  sliow  II  that  a  hnig  continntMl  e 
tJie  body  temperature  leads  to  a  fatty  degeueratitni  yf  ditlei 
(heart,  kidm-ys,  and  liver). 

A  mild  grade  of  fatty  degcueratioii  cannot  be  seen  with  the 
The  more  severe  foruis  of  the  defeneration  ^ive  au  opaque  w 
Ut  colorless  tissues,  a.s,  for  t^xainple,  the  intima  of  the  blood 
heart- valves,  wlrich  freipii^nlly  show  patcla^s  of  fatty  nieUi 
The  cortex  of  a  kidney  showing  fatty  degenei^atiou  becomes 


diiuinished 
tuces.  Ex* 
Ic  vat  ion  of 
re  at   tissues 

naked  eye, 
hitish  color 
vessels  and 
moirphosis. 
grayish  or 


Flo.  lb. — Faiiy  di^ifeneratlon  of  th*«  renal  epabelkim.  from  a  ceap  of  chronic  ptilmonary  ti]b(>rcuiosU. 
(Foriimlin,  hfprautoxylln.  Suilmri    III.)     X  300. 


yellowish  iu  color.  In  the  heart-muscle  the  yellowisli  discoloration  of 
fatty  degeueratiou*  particularly  when  the  change  is  localized  in  small 
fuci  (Fig»  74,  h)^  stands  out  Vi-ry  prominently  ('Higer- heart"), 

The  qaestinns  relalinfi:  to  fatty  degeneration  liave  duriog  recent  years  heen  the 
[fiibjeot  of  ililigerit  reaearcues*  atirl  lbei9<?  liave  shown  tliat  the  teiiching  of  Virchow  of 
I  the  fonniition  of  fat  from  the  allumiin  of  the  body  can  no  longer  be  accept<*d*     The 
conclusions  restillmg  from  recent  investigations  are  cinbfMlted  in  the  text  above. 

It  is  not  always  possible  to  decide  whether  the  fat  present  corresponds  to  a  physio- 
k>gicat  or  pathological  condiium*  We  can  no  longer  accept  the  view  that  fine  droplets 
*  fat  within  the  cells  signify  a  pathological  condition,  since  mosi  glands  contain  snudl 
l»tHln_»plet-8,  ami  *ilher  li&sneK,  for  example,  nnjBcle-fibr^^s,  ulso  contain  fai-droplet8 
under  normal  conditions.  In  favor  of  a  pathological  comlition  speak  an  increjise  of 
fat-content  beyond  normal  limits  and  a  focftl  occurrence  of  the  foltv  ctiange. 

In  fat  IranspOrtatJoa  the  fat  may  appear  in  the  bhuMl  in  tn«  form  of  large  or 
small  droplets  <lipa^mia).  Thi.s  rs  most  marketl  in  the  cai*e  of  fat-metastayiH  due  to 
tminnatic  le^nions  of  adipose  tissue  leading  to  fat-embuliHm.  It  may  occur,  however, 
I  Under  other  conditions,  as  after  the  abundant  ah»ori>tion  of  milk  or  of  [>urt*  fat  from 
rthi^  intestinal  canal.  Dir&e  fal-<lrops  that  remain  in  the  vessf^Ln  disjiju^ear  slowly,  in 
part aaK>cia ted  with  an  increase  of  the  fat-content  of  the  neighboring  tissue.  Further, 
pfoSf^TAtions  of  the  vessel- wall  niay  occur  at  the  site  of  the  embolism,  not  only  after 
the  direct  introduction  of  fat  itito  the  bloo<l- vessels,  but  also  after  feeding  with  fat,  as 
in  the  administration  of  cotl-liver  oil  {Widtiq). 

If  fasting  dogs  are  feil  nith  nujtton-tallow.  there  is  a  deposit  of  mutton-tallow  in 
the  fat  depots.  If  they  are  then  polsinunl  with  phosphoniJi,  oleum  pidegii,  or  pldoritl^in, 
their  livers,  which  show  fatty  degeneration  as  the  result  of  the  pois^jning,  are  found  to 
contain  mutton-fat  in  abundance  in  addition  to  the  animal  a  own  fat  ikoaejifdd). 
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According  to  IjHck  and  Winckler,  the  mutton-fat  under  these  conditions  is  found  also  in 
the  fatty  heart-muscie.  In  dogs  fed  with  iodopin  and  afterward  poisoned  with 
phosphorus,  the  iodized  fat  passes  into  the  liver.  In  animals  devoid  of  adipose  tissue 
no  fatty  degeneration  occurs  in  the  liver  after  poisoning  with  phosphorus  or  phloridzin 
(Rosen/eld,  Fibiger), 

In  the  case  of  aaeptir  autolysis  of  the  liver  outside  of  the  body  Waldvogel  has 
recently  made  thorough  chemical  and  histological  investigations  that  seem  to  show 
that  fatty  and  fat-like  prwiucts  of  disintegration  may  arise  in  loco;  and  there  occurs 
an  increase  in  those  boclies  which,  related  to  albumin,  have  a  fat-like  (jecorin,  lecithin, 
protagon)  or  fatty  character  (fat-acids,  neutral  fat).  In  phosphorus-poisoning  (Wald- 
vogel  and  Tintemnnn)  protagon  and  jecorin  appear  as  disintegration-products  of  al- 
bumin (the  lecithin  present  is  for  the  greater  part  transformed  into  substances  which 
after  the  acetone  precipitation  make  up  the  residue  of  the  substances  soluble  in  ether). 
A  similar  disintegration  of  the  albumin-molecule  occurs  in  autolysis. 

According  to  Dietrich,  a  formation  of  fat  does  not  occur  in  autolysis. 

lu  degenerating  cells  (kidney,  inflamed  lung,  adrenals,  corpus  luteum, 
etc. )  doubly  refractive  droplets  similar  to  fat  are  found,  but  they  stain 
only  slightly  \^ith  osmic  acid.  'They  are  regarded  by  various  authors 
(Albrecht,  Kaiserling,  Orgler,  etc.)  as  myelin,  similar  in  character  to  the 
myelin  of  the  nerve-fibres.  It  is  also  probable  that  protagon  appears  in 
this  form.     Such  droplets  also  appear  in  the  autolysis  of  cellular  tissues. 

The  kidneys  may  contain  less  fat  than  normal  and  yet  show  much  fat 
both  to  the  naked  eye  and  on  microscopical  examination,  as  the  result  of 
the  liberation  of  the  fixed  fat  in  fatty  degeneration.  The  invisible  fat  is 
set  free  and  becomes  visible.  The  condition  of  fatty  degeneration,  which 
is  a  well-established  anatomical  entity,  may  be  defined,  therefore,  as  an 
inflUration  of  fat  from  outnide  into  cells  degenerating  tJirongh  the  influence  of 
poisons  Of*  other  injuHmis  agents  (liver,  heaHmmcle,  pancreas)  or  as  a  setting 
free  of  the  ininsible  intraceUulurfat  through  autolysis  {kidneys,  spleen^  muscle). 
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§  57.  The  fats  which  occur  in  the  human  body  consist  almost  entirely 
'^Df  a  mixture  of  the  glycerin-esters  of  oleic,  palmitic,  and  stearic  acids 
^^hich  are  designated  olein,  palniiUn,  and  steann.  The  first  is  fluid  at 
^)rdinary  temperatures,  the  second  melts  at  46°,  the  third  at  53**  C. 
Since  the  body-fats  contain  varying  proportions  of  olein,  palmitin,  and 
^3tearin,  they  vary  in  consistency  and  melting-point.  If  after  death 
Tthe  fat-containing  tissues  of  the  body  are  cooled  below  the  melting- 
:3)oint  of  the  contained  fat,  the  stearin  and  palmitin  may  separate 
5and  form  fine  stellate  or  feathery  needles  (Fig.  76,  ft,  c,  d),  which  are 
^^^mmoDly  called  margarin  needles,  and  which,  according  to  the  con- 
ditions, are  found  sometimes  in  fat-cells,  at  other  times  free  in  the 
Ttiasue-fluids. 

Cholesterin  occurs  in  the  form  of  delicate  rhombic  plates  (Fig.  76, 
^),  the  edges  and  corners  of  which  are  often  notched.  These  may  be 
:found  whei-ever  there  are  formed  masses  of  detritus  containing  fat,  aris- 
ing from  degenerating  cells  or  extravjisations  of  blood,  as  in  the  diseased 
i;auica  vaginalis  of  the  testis,  in  a  dilated  sebaceous  duct  or  gland,  or  in 
^  softened  area  of  degeneration  in  the  wall  of  a  diseased  aorta.  When 
the  substance  in  which  the  cholesterin  plates  are  formed  is  fluid,  these 
may  often  be  visible  to  the  naked  eye  as  little  glistening  scales. 

Cholesterin  (C„H,,0)  is  a  constant  constituent  of  the  bile,  and  is 
famished  by  the  mucous  membrane  of  the  gall-bladder  and  bile-ducts, 
and  held  in  solution  by  the  bile  salts  and  soaps.  It  is  found  also  in  the 
medulla  of  the  nerve-fibres,  and  in  small  amounts  in  the  blood,  where  it 
is  held  in  solution  by  fats  and  soaps.  According  to  Burchard  traces  of 
cholesterin  are  found  in  all  the  organs. 

Cholesterin  is  insoluble  in  water,  dilute  acids,  caustic  alkalies,  and 
cold  alcohol;  it  is  soluble  in  boiling  alcohol,  ether,  choloroform,  and 
boizoL 
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When  treated  with  a  mixture  of  five  parts  of  concentrated  snlphnrio 
acid  and  one  part  of  water  the  edges  of  cholesterin  crystals  take  on  a 
carmine-red  color,  which  gnidually  passes  into  violet.     Sulphuric  acid 


Fio.  7(1.— a,  Cbolesterin  plates ;  7),  free  cluster  of  mamrarin  needles ;  e,  needles  encloaed 
(U  ffraas-Uke  bunch  of  margarln  needles.    X  800. 


wtttalnfU^seUt; 


and  water  mixed  in  the  proportions  of  three  to  one  give  a  violet  color  to 
the  edges  of  the  crystals.  Concentrated  sulphuric  acid  containing  a  trace 
of  iodine  colors  the  crystals  violet,  blue,  green,  and  red. 

The  origin  of  cholesterin  is  not  known  with  certainty.  It  is  probable 
that  it  is  an  intermediate  product  in  the  decomposition  of  albumin.  CJor- 
responding  to  this  view,  it  is  found  under  those  pathological  conditions 
in  which  albuminous  substances  break  down  with  the  formation  of  fat. 
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VII.  The  Deposit  of  Qlycogen. 

§58.  Qlycogen  (C^H,,OJ"  is  a  carbohydrate  which  is  readily  con- 
vertible into  sugar ;  and  in  the  body  is  formed  chiefly  from  the  carbohy- 
drates of  the  food,  but  may  also  be  formed  from  albumin  and  gelatin. 

In  the  tissues  of  the  body,  glycogen  is  found  as  a  hyaline  substanccy  most 
often  within  the  cells,  but  occasionally  in  the  tissue-spaces.  It  usually 
occurs  in  the  form  of  spherules  or  lumps  of  different  sizes.  In  the  celte 
these  spherules  are  most  frequently  found  in  the  neighborhood  of  the 
nucleus. 

Glycogen  is  soluble  in  water,  but  the  solubility  of  that  found  in  dif- 
ferent tissues  varias  (Langhaus)  ;  that  found  in  the  liver,  kidneys,  mus- 
cles, and  pus-corpuscles  is  more  easily  soluble  than  that  of  cartilage- 
cells  and  surface  epithelium.  Fixation  of  the  tissue  in  alcohol  renders 
the  glycogen  less  soluble  in  water.  After  death  the  glycogen  of  the  liver 
is  quickly  converted  into  sugar  through  the  action  of  a  diastatic  ferment. 

Glycogen  becomes  broimiish-red  when  treated  with  iodine.      Through  a 
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method  given  by  Best^  glycogen  may  also  be  stained  red  with  eiirniiue 
(Fig.  77,  ft,  c).  ^ 

Glycogen  is  present  in  almost  nil  the  tissues  of  the  embryo,  also  in 
the  foetal  nienibraiies  at  an  early  period  of  development;  and  in  the  sidiill 
body  in  the  liver-eel  Is,  mnseles,  heart -ni  use  k%  eartilage-eells,  in  the  snr- 
fare  epithelinm  of  varions  orgjins,  in  the  leneorytes,  iiiu!  in  the  blood - 
serum  ((tabritsc-hewski ).  Durin^^  starvatioi*  the  glyeo^en  of  the  liver  is 
dimiiiisht*d,  am!  nndrr  pathohii^ieal  coHditioim  may  wholly  dinappear. 

Gbfi^fjni  iqqwais  hi  piithofogieitJhf  btrrnjstd  nmoittit^  particularly  in  dia- 
betes, chielly  iu  the  blood  and  in  the  kidneyti.     The  epithelium  of  the 


:'•'> 


>• 


^-.# 


Fi<5.  77. — Glycogen  deceneratlon  of  the  renal  epithelium  Iti  a  case  of  diabetes.  (Compare 
Qlri^rk''.  L  c)  a»  Normal  lyriiiles:  b,  epithdium  with  early  stage  of  glycagei)  di^posit^  c,  udvaiiceij 
gljrcoeen  deposit  with  cpitheUnJ  destruLtkm.     x  300. 

renal  tubules  in  eertaiit  areiin  contains  in  part  large  numbern  of  small 
drops  (Fig.  77,  h),  and  in  part  alno  large  drops  (<*).  Since  this  deposit 
leads  finally  to  a  destrnetiou  of  the  ceils,  the  coudition  may  be  desig* 
iiatecl  as  a  giycogeu  degeneration  of  the  cells. 

Glycogen  occurs  also  within  inthiinmatoiy  foci  (also  iu  infectious  pro- 
liferations of  granulation -ti.ssae  [Gierke] ),  usually  first  in  the  poly- 
nucleur  leucocytes,  but  alsM  in  the  socalled  epithelioid  eel  Is,  fihrt^bljtsts* 
and  the  syncytial  giant -eel  Is  developing  from  these,  farther  also  iu  the 
tissue  bordering  upon  the  intlamnmtory  area.  Glycogen  is  also  found  in 
many  tninorB^  carcinoniata  and  sarcomata. 


It  IS  ihfficult  t4>  < determine  the  Bignlflcance  of  the  g:lyco£:eti  appearing  uiid^r 
palholos^cal  conditions*  Since  slyco^pu  is  almndaiit  in  ernbryoniil  tiHsiu^s  an*l  in 
»eni*kly  ^'mwing  tumors,  BrauU  is  of  the  c*|jinkjn  that  its  appearance  is  a  ni^n  r>f  nn 
increas^Mi  nrutiferative  cell  iictivily;  but  the  presence  of  pjlycogen  in  large  ninounts  in 
pu^wlLi  does  not  agree  with  this' theory.  Moreover,  in  tumors  it  is  not  fonmi  in  the 
regions  of  most  active  cell  p ro ti fern t ion.  According  to  Gicrhc^  glycogen  appears  by 
prefereoce  in  those  tissues  deprived  to  a  certiiiti  extent  of  the  circulatioQ.     A  certain 
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girallel  exists  between  the  occurrence  of  fatty  degeneration  and  glycogen  deposit, 
oth  changes  are  found,  for  example,  in  inflanunatory  foci  and  at  the  edge  of  necrotic 
areas.  In  both  cases  degenerating  cells  are  present  that  are  able  to  take  up  both  fat 
and  glycogen,  but  can  no  longer  change  them. 

According  to  Wolff,  the  leucocytes  circulating  in  the  normal  blood  also  contain 
cogen,  but  this  glycogen  is  very  easily  soluble,  and  therefore  difficult  to  demonstrate, 
many  infections  and  mflammatory  exudates  the  glyco^n  of  the  leucocytes  beoomes 
less  soluble  and  can  therefore  be  more  easily  demonstrated. 

The  iodophile  hyaline  substance  contained  in  the  tissues  is  not  a  pure  glycogen, 
but  is  most  probably  a  combination  of  glycogen  with  an  albumin-like  substance.  To 
avoid  the  solution  in  water  of  glycogen  in  fresh  preparations,  a  eyrupy  solution  of 
iodine  in  gum  (Ehrlich)  or  iodine-glycerin  (Barfurth)  may  be  used  m  tnis  investiga-' 
tion.  Sections  of  tissues  hardenecTin  alcohol  are  best  treated  (Langharu)  with  a  dilute 
tincture  of  iodine  (1  part  tincture  iodine  to  4  parts  absolute  alcohol),  and  then  cleared  in 
oleum  origani  in  which  the  reaction  is  preserved  for  a  lone  time.  The  reaction  is  also 
preserved  for  a  long  time  in  hard  Canada  balsam.  For  the  staining  of  glycogen  with 
carmine,  Best  gives  the  following  method:  the  sections  are  first  stained  with  hsema- 
toxylin  and  are  then  stained  for  tnree-fourths  to  one  hour  in  a  mixture  of  two  parts  of 
a  solution  of  carmine  (carmine  1.0  grm.,  ammonium  chlorate  2.0  grms.,  lithium  car- 
bonate 0.5  grm..  aq.  dest.  50  grms.,  brought  to  a  boiling-point,  after  which  there  is 
added  20  c.c.  ot  liq.  ammon.  caust.),  3  parts  of  liq.  am.  caust.  and  6  parts  of  methyl 
alcohol.  They  are  then  decolorized  for  a  few  minutes  in  a  mixture  of  2  paits 
methyl  alcohol,  4  parts  absolute  alcohol,  and  5  parts  water,  and  finally  mounted 
in  Canada  balsam. 
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VIII.  nucous  Degfene ration. 

g  59.  riucous  degeneration  bii8  its  pliysiologieal  prototype  in  the 

prrKluction  of  imieus  l>y  t\w>  iiiucoiis  membTiioes  and  mneons  ;i:lniMls,  uiitl 

iii  the  formation  of  nmi-us  in  tlie  eoniu^ctive  tissue  of  tiit^  umbilical  eord, 

tendons,  bursii?,  and  synovial  mendiriineK. 

*naens  occurs  iis  a  jelly-like  matrix ;  in  tlie 

joints,  bursie,  and  tendon-sheaths  it  forms 

a  clear,  stringy  tinid* 

In  the  epit helium  of  the  miicons  mem- 

br^n^s  the  mucus  ai>peurs  first  in  the  gob- 

let -cells  (Fir.  7S,  a),  forming  a  clear  snb- 

st5HH?e  which  stains  with  Inemaioxyliu.     In 

'nii4-r»us  glands,   during  the  process  of  niu- 

«*n$^    formation,   the  einthclial   cells  swell, 

thfir    central    portitms   Ixnionie  clear,  and 

the      Ki'Hnules  of   the   protoplasm   are   re* 

diio^cl    to   small    groups   or  strantK     The 

''***<2u.lled   niuc€>us  corpuscles  of  the  saliv- 

*ry^    Hocretion,  which  are  chantcterized  by 

gla^^issy,  transparent  cou tents  and  vilirating 

pi'ot  ciphismic    granules,     are    round    cells 

^■»ic*li    have    undergone   mucous  degener- 

'iTie  mnctts  formed  from  the  protopla^sm 
^^     t:l^e  cells  may   be   discharged,   and  the 
t^^llfi*    remain  intact,  or  iu  other  cases  they 
^^y    l)e  destroyed. 

Alucns   is  produced    in   the  same  way 

P*^^^^r  pathological  conditions  as  nnd^r  nor- 

"^•^   (Fig*  78,  a).      In  calarrli  of  the  m neons 

nic^ n t bnines  there  is  an  increased  formation 

^r^   ^^\  ucus  by  the  cells  of  the  superficial  epi- 

**liiHn  afi  well  as  those  of  the  glands.      In  addition  the  pus-corpuscles 

^'^^ir'  also  undergo  mucins  degeneration,  the  mucin  being  foi'nied  from 

*"^t*^  iiuclein  of  the  nuclei  (  Kossel).     In  mucous  membnines  co\'eretl  with 

^^  *^iidrical  cells  the  nundx'r  of  goblet -cells  is  iucreastHl,  and  iu  the  S4M're- 

*'*v*n  fj||»|.e:  are  found  cells  which  hin  e  undeigouo  complete  nnieousdegen' 

^**Htion — that  is,  they  have  Ijeeu  converted  into  ghii^sy  maasc^s  containing 

**^>«,'  granules.     Other  cells  contain  the  mucns  in  the  form  of  drops  of 

^  *^ryiiipr  size. 

The  epithelium  of  pathological  tissues  may  also  undergo  a  mucous 
^J^*nerfitioii,  in  a  nmnner  similar  to  that  occurring  in  normal  tissues, 
*Tms  the  epithelial  lining  of  cysts  of  the  ovary  jiud  of  intnstinal  tumors 
^ay  often  contain  nnmerons  goblet -eel  Is  (Fig.  7f>,  a),  and  cells  which 
have  undergone  total  mucous  degeneration  (^).  In  the  so-called  gelat- 
hions  or  mucoid  carcinoma  (colloid  *'arcinouKi)  a  large  pai't  of  the  epi- 
thelial cells  suffer  a  nnn^ons  metamorpliosis. 

Of  the  connective  fi^sueH,  which  may  sufter  a  mucous  degeneration  and 
thereby  acquire  a  gelatin<ins,  transparent  apprarance,  may  l»e  mentioued 
fibnms  connective  tissm\  also  i-artilage,  b^njc,  adipos**  tissue,  boneiuar- 
row,  and  ^sarcomatous  tissue,     in  tliesi^  tissues  it  is  chiefly  the  ground 


Tto.  78.— Porraatlon  nf  imiPiw  within 

pMyp  of  liie  aniall  impsMiu*.  fAh'^ilinl, 
hn*mautxylln,)  <j*  KpJthi'llum  wnb 
ilnfte-sl'alnf''il    (hfi'mHtoxyllf*)  dropK   of 

f ,  leu<i>i'ytc'*i  in  the  f.*piiI]ftliiiJK    X  :*«!. 
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substance  (Fig.  80,  b)  which  undergoes  mucous  change  and  is  converted 
into  a  homogeneous,  structureless  mass.  The  cells  may  remain  un- 
changed, or  may  become  fatty,  or  also  undergo  mucous  d^eneration. 
In  the  last  event  the  entire  tissue  ultimately  forms  a  hyaline  mass,  in 


Fl(J.  79. 


FIO.  80. 


FIG.  79.-~EpiUieIial  cells  which  have  undergone  mucous  defreneratlon,  from  a  cystadenoma  of  tbe  ovary, 
a.  Cells  showing  slight  change ;  />,  cells  showing  marked  degree  of  mucous  change.    X  400. 

Fig.  80.— Mucous  degeneration  of  the  oonnectiye  tissue  of  the  aortic  yalres  (oemlo  add,  glyonln)*   a« 
Fibrous  tissue;  2>,  myxomatous  tissue.    X  850. 


which  only  scattered  fil)res  of  connective  tissue,  or  single  cellB  or  gi^oupo 
of  cells  are  left  to  suggest  the  original  tissue. 

The  stringy,  or  gelatinous  material,  which  results  from  mucous  de- 
generation, does  not  represent  a  single  chemical  substance;  in  it  there 
may  be  found  diff ei-ent  varieties  of  mucins  as  well  as  of  pseudomucins. 

The  mucins  (submaxillary,  intestinal,  and  tendon  mucin)  are  nitro- 
genous substances  somewhat  resembling  albumin.  They  dissolve  or 
swell  up  in  water  forming  a  stringy,  mucous  fluid,  from  which  they  may 
be  ])recipitated  in  a  stringy  form  by  means  of  alcohol  or  acetic  acid;  but 
difter  from  the  true  albumins  in  the  fact  that  the  precipitate  is  not  redis- 
solved  in  an  excess  of  the  acid.  The  precipitated  mucins  are  soluble  in 
neutral  salt- solutions,  caustic  alkalies,  and  alkaline  carbonates;  and  are 
gradually  converted  into  alkali-albuminates  in  case  of  solution  by  the 
last  named. 

All  mucins  contain  nitrogen  and  sulphur ;  their  content  in  carbon, 
oxygen,  nitrogen,  and  sulphur  varies  in  the  different  forms. 

Pseudomucin  also  dissolves  in  water,  forming  a  gelatiuous  fluid, 
from  wliich  it  may  lie  precipitated  in  stringy  masses  by  alcohol.  The 
precipitate  redissolves  in  water.  Solutions  of  pseudomucin  are  not  pre- 
cipitated by  aceti(?  acid. 

Pseudomucin  is  found  particularly  in  ovarian  cystomata,  and  is  the 
cause  of  the  gelatinous  character  of  the  cyst-contents.  It  is  produced 
by  the  epithelium  of  these  tumoi-s  (Fig.  79) ;  and  in  its  formation  the 
same  changes  take  place  in  the  cells,  as  in  the  formation  of  mucin  from 
epithelium.  In  all  probability  the  mucous  substance  present  in  gelat- 
inous carcinomata  is  a  body  closely  related  to  pseudomucin  or  metalba- 
mill — that  is,  there  are  different  varieties  of  pseudomucin  (PfannenstielX 
of  which  the  two  mentioned  are  examples. 

Through  proper  treatment  the  mucins  may  be  split  into  a  carbohydrate,  animal 
gum  (Lamiirehr,  Hamttiarsten),  and  mucin  may  therefore  be  desi^ated  a  Klycoproteid 
(Pjannrnstiel).  The  pitt'nihinftcinH  when  treat'ed  with  dilut-e  mineral  acids  likewise 
split  off  a  carbohydrate  which  reduces  copper  sulphate  in  alkaline  solution  {Pfan- 

7ienstifl). 
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TLe  niucinlike  substances,  preci|>itiiblo  hy  atetic  acid,  vvliirli  r^eenr  in  tlio  nynonrd 
fimd>  dilltT,  affording  to  i<alkmt»ki,  l'n«in  nucleaulbtimin  m  tht*  iiljs4^nrf  t>f  plRisuhurns. 
From  ordinary  nniein  the  y  an»  diatuiguislu'd  by  iluir  dilTf  rent  bt  linvior  with  minimi 
AcirJs;  wlifu  b(»ilfd  with  dilntr  liydrochbrric  acid  nr»  rediicinj^  substaiiee  is  nbtitinfd. 

Mitjnkoff\\\i^  obtiiined  fnim  i\w  )!:elatini>iis  c<.intfnt8  uf  an  ovjiran  cyst  a  nmc  in-like 
substiince  whioli  lie  1ms  nuined  pammttein.  It  tliifors  frnm  pftfudninnrin  rhietiy  in  the 
fjict  tJmt  witboiit  previona  boilinif  with  dihite  iitdds  it  rcdu<x's  coppt^r  oxidt*  in  uu  alku* 
line  Sid  utioii. 
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IX.  Formation  of  Epithelial  Colloid  and  Epitlieliai  Hyaline 

Concretions. 

g  6Q,  Tlu*  epithelial  lorniation  <d  colloid  is  a  proeetvs  tdostdy  i  tdated 
l/a  the  ei)illitdial  prodiadioii  uf  mueus;  it  consists  partly  in  a  8001*811011  of 


a\ 


^%, 


i^i 


Mn. 


^*K    ^' 


rm.  SL 


Fio.  «i. 


fm*  ftL-^OolloliI  \tk  enlanrwl  thjmld  jrliiinJ.    f  Alrohol,  h;rfiiatf»xyUii.)    a,  FoIHi'Ip  nilij^l  wltH  wlU:  ?i.  fol- 
QeleMiciwllur  lumen:  e,  mium^  ut  ttptlodi ;  r/.  cuptUiiry ;  r,  ronnerilvH-dasut*  septum  with  jirtery,     >  ttH 

Fkt,  g.    Octr<Aiotl  of  TOlloIrt  in  the  lbyn>(1.     (After  B<^izzl.)    a.  Colloid;  ^,  Rerretintf  relTrt  with  (minuif^i. 


colloid  by  glaiul  rt'lls.  iiiid  i>artl\  in  u  ccinvei'sioii  4>r  entire  cells  into  eol- 
loiiL     Physiologieall\\  eollojil  is  I'luiiid  in  the  thyroid  (Fig.  82),  where  it 
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appears  in  tb**  form  of  ht/fdhtf,,  rifih*r  fum,  cohrh'Hx,  or  ^Jif/hthf  folored^ 
jelly  like  tmtmtH,  which  in  the  first  phiee  till  the  folliek^s  (c),  but  from 
tiiese  may  extend  into  the  lymi>h' vessels  of  the  Ihyroid,     Putholof/iml 

vnUeHiom    of    eoHohl     <K*c*ur 


^yi% 


mr^ 


Ci^" 


both  io  tiornjiil  ^land  iLssiie 
and  in  newly  for nietl  i^hmd- 
nlar-tis8ue  of  i>athcjkj»rieal 
nutui^.  The  m'eiininlutitui 
eaiiseK  a  more  or  less  niarkiHl 
distention  of  the  fonick\s, 
and  thereby  h/ads  to  an  en- 
lai'gement  of  the  affeeted 
gland,  whk'li  is  known  ai^ 
eolloid  j^oitre  or  l)ronehoeele. 
The  typieal  stH-retron  of 
colloid  is  eharaeti^rized  by 
the  formal  ion  of  homot^e- 
neons^a-anidi^s  and  sphernles 
text  to  the  lumen  of  the  follieh* 
(Fig.  82).  ftciine  of  the  eelLs  may  1h*  eonipletely  tilled  with  these  grau- 
ideii.  In  exeessive  and  atypieal  formation  destinarnated  cells  niay  be- 
come eonverted  into  the  hyulinr  snbstanee  of  e^illoid. 

Thr  etilloid  of  the  thyn^id  is  fonnd  on  nderaseopieal  examination  to 
ho  htimnffrmims :  and  aeoordJKjLC  to  its  appearanee  it  may  l^e  desi^^nated 
epithelia]  hyalin.  As  a  rnle  it  inelos(*s  no  eellnlar  elements,  bnt  de- 
f^eneratinfi;  eel  Is  may  be  fonnd  in  il.  Alcohol  and  acetie  acid  eaiise  nu 
elonding,  or  invripitation  in  %\w  form  of  Ihreads,  as  happeiis  in  the 
ease  of  mncin  when 


Fifi. 


nuid,  btemaLlitxylLn,  anil  ijosIq.)     >:  £>lfl). 


(Mflller's 


in  that  x><>i'lit»ii  ^^^  ^1^*'  epithelial  e*'lls 


so  t  rent  e  tl .  By 
means  of  Van  Gir 
son's  stainint;  meth 
od  the  colloid  is 
stained  oran^r-ri-ik 
while  11i(^  (*onm»e- 
tivc  tissnr  takes  ji 
fviehsin-retk  It  mnst 
be  noted  that  the 
contents  of  the  thy- 
roid foUieles,  wtiirli 
are  desij^nated  eol- 
loid,  are  n(jt  always 
of  the  same  eharae- 
ten  At  one  lime 
thestdjstani'i'  istina. 
at  another  M»ft  t*r 
even  tin  id,  oral  least 
is  readily  scilnble  in 
water.  In  prepara- 
tions fixed  in  aletdml  a 
traction;  and  the  stainii 


v> 


illo-   Vim  (lijpsfm'si  nT 


vyy-XXe  dfhttHl  ttiliyl^  of  tht*  mpo* 
vjirfiim.     {Forinitllii-   Vim  (iiJpsfm'si  NTnln.l    a,  h,  olaml  tuluil«  rtf  the 


m. 


rannlatioii  en-  ekavai^e  may  bt*  eanstnl  by  eon- 

reactions  are  not  always  the  same. 

Tlie  cht^mieal  natnre  of  the  thvroid  colloid  is  not  fnlly  known,  and  it 

js  probablo  tliat  \Ur  contents  of  the  tollicles  are  of  variable  composition. 

It  is  raost  prolfably  an  albnminoiil  Imdy  wiiicli  is  combined  with  iodothy- 

riii,  the  active  prineipk*  of  the  thyroid  gland. 


EPITHELIAL    HYALIN;    COLLOID. 

Epithelial  hyalin  is  alst*  found  iji  tln^  ^1;iih1h  of  Ihe  hypophysis  eei'e- 

^bri,  ill  the  urinary  tnlniles  of  (liseas**d  kidni-ys  (Fig.  83),  in  Ihr  prostate 

fFig.  85,  tl),  in  cysts  of  the  parovarium  (Fig,  S4,  dj,  m  thegliinds  of  the 

i^tomac'h,  and  more  rarely  in  other  gluuds.     In  the  Wt- named  orgaiw  tlie 

hjsiiiu  occurs  in  the  form  of  a  uniformly  homogeneous  miuvs  completely 


^^f 


ii^Nl 


s^s^^P%? 


% 


W/mH'l 


^^^^^r^/'X^yi'. 


;vn: 


Titi.  ««.— SwiktD  frttfn  a  hyjjertnit»hlc  pnisLnU*  with  oonrf**tions.    (MOIler'^i  niiid.  hspmntoxvlliuana  ecwln.) 

tiliiiig  the  glamldnmeo,  or  often  as  hyaline,  irt  part  laminated  concre- 
tions (Fig.  S4,  //,  and  J^^'ig.  sr>,  d)  of  mnrr  or  It'ss  firm  iMmsisti^nrv. 

It  must  nt^t  t»e  assumed  tliid  the  last  nanird  fmniations  are  identical 
in  their  ehemicai  eomposititm  with  thyroid  eolluid.  The  ojdy  thing 
whu'h  I  hey  puss*  •ss  in  common  is  this:  they  lioth  repi^esent  trmisfontied 
protoplaHm  of  ghiinl-vdh—w  suhstanee  viiieli  in  ktf(ilhu\  ptjssesses  a  certain 
tirmness,  and  dot^n  not  rmrt  to  rhtmhfd  rraamtH  in  the  ^amp  muiuur  ita  doett 
mttriiu  These  ecmerpti oris  may  als^i  uiMler;^m  change?*  \vlii(*h  necessitate, 
on  their  part,  a  ditftTont  lH4ia\  ior  iuwaid  laicnieliemical  rraetiuns. 
This  is  parlicnlarly  trm*  <if  the  j>rnstatie  ct»ner**tions,  uhirh  not  ird're- 
4|uently  sh«>M',  wherj  tn^rled  with  ioriinr,  a  reaction  thirl  has  heeir  taken 
as  evidence  that  they  are  cumpostnl  of  amyhtid  matriial  {si^t*  S  <>'^)-  It 
may  l*e  proved,  lH»tli  in  the  case  of  prostatic  ct>ncrcti<nis  aird  ivf  n^nal 
colloid,  that  they  reprps^-nt  cell  nraterial  whiclj  has  l>eeome  clmrtged  irjt<i 
liyaline  snljstance.  In  tin*  ctLs<*  of  rrnal  cc»Hoid,  lif>\V4M'er,  it  is  only 
under  especial  cntrditions  that  the  i>arf  itnpation  in  its  ftirmation  of  allm- 
miu  derived  fr-om  the  glomer'nli  nray  he  exelrnlcd. 

Colloid  is  ji  collective  term  wWuU  is  aivptlrd  to  a  pr*^ut  variety  nf  formations  that 
fxi^f'ss  <irily  nTt*nri  physinil  Mltrilnrti'S  in  toami*>n,  Thert*  h  a  very  ^rriat  ililTerenre  of 
optrijnn  ummj^  auihois  jwh  to  tin*  applic^ition  of  tlie  hniK  UtuIct  colloid  tlri^L-iieratioti, 
for  *'xami'>lc,  rch  Ihrklinghtfuiun  phici/s  inmoa^,  Hiiivloid.  ami  liyuliiit'  ilijtri  iKTatiims; 
Inrhi^hiiti  uikIit  tliv  tH«t-iiain<'d  I'liirlhlial  <f»noid  fonnatiou,  Ijyaliiit'  lii  griieraiiim  of 
connective  lifisiie,  as  well  as  hyaline  eua^'-ulatiHn-ne^  roses  and  hyaliiK'  thrombi,  Mitr- 
ehnnti  jrives  thf  term  a  more  11  mi  led  application,  hut  inrhnles  umler  ridloiti  certidii 
fonns  of  i*pitlw'Hal  nnirhefonnalion  dmrticnhirly  in  tiiruors),  und  iilsti  hya^'ne  fomia- 
lions  in  counoctive  tiftstu',  Ina^^mirch  as  colhiid  is  ant  a  definite  ehemieal  etaity,  and 
•sit^stAhdng  n'aeiious  ch>  not  ditTerenlmtr  it  shnrply  frcan  otla-r  hyaline  sidistanct^s,  it 
iri*nii  |j)  \\\v  nwisr  t'X|K'dient  to  a|>i>ly  the  term  only  lo  those  hyaline  prooucta  of  epithe- 
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Hum  which  do  not  possess  the  characteristics  of  mucin.  I  have,  therefore,  also  classified 
as  colloid  those  epithelial  concretions  which  on  account  of  their  reaction  with  iodine 
(brown  or  blue  color  when  treated  with  dilute  iodine  solutions)  have  hitherto  been  re- 
garded as  ani3^1oid  bodies.  If  objection  is  made  to  the  classification  of  these  formations 
as  colloid,  they  may  be  place<l  under  the  heading  of  epithelial  hyaiiii. 

As  epithelial  hyalin  (keratohyalin  ?)  may  be  classed  also  the  hyaline  granules  and 
spJierule*  described  by  Russel,  Klein,  and  others,  and  which  are  found  especially  in  can- 
cer cells.  They  stain  intensely  with  fuchsin,  and  also  with  Gram's  method* or  with 
Weigert's  fibrin  stain.  It  should  be  noted  further  that  similar  bodies  of  varying  size 
and  form  have  been  observed  in  the  epithelium  during  tlie  development  of  a  vaccination 
pustule  {lluckel),  and  have  been  by  many  regarded  as  parasites. 
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X.  The  Pathological  Cornification  of  Epithelium. 

§  61.  The  cornification  of  the  surface  epithelium  over  the  entire 
skin  is  a  physiological  process,  characterized  essentially  by  the  fact  that 
the  cells  in  the  outer  strata  of  the  prickle  layer  of  the  stratum  germina- 
tivum  undergo  a  horny  change.  Tliis  cornification  takes  place  first  at 
the  periphery  of  the  cells  and  in  the  processes  binding  the  cells  together, 
while  at  the  same  time  the  inner  portions  of  the  cell  and  the  nucleus 
shrink,  so  that  the  cells  become  changed  into  thin,  flat,  horny  scales. 
This  horny  substance  or  Jcemthi  is  a  very  resistant  modified  albuminoid 
body  of  homogeneous  composition,  and  is  capable  of  resisting  digestion 
by  the  gastric  or  i)ancreatic  juices. 

As  accompanying  phenomena  of  cornification  there  appear  in  the  cells 
of  the  prickle  layer  peculiar  hyaline  granules  and  spherules  resembling 
colloid,  which  stain  intensely  with  nuclear  stains  and  are  known  as  kera- 
tohyalin  (Waldeyer).  In  those  areas  of  the  skin  possessing  a  thick  horny 
layer,  there  is  formed  a  sharply  limited  layer  of  such  keratohyalin-con- 
taining  cells;  this  layer  is  known  as  the  stratum  gramdomm.  In  those 
places  where  the  horny  layer  is  thin,  the  stratum  granulosum  is  imper- 
fectly developed  and  exliii)its  breaks  of  continuity. 

Pathological  cornification  may  occur,  in  the  first  place,  as  a  wide- 
spread or  localized  increase  of  the  horny  layer,  resulting  in  a  condition 
of  hijpeHt'ophij  of  the  horny  luyer  of  the  epidermw  (see  Chapter  VI.,  §  76), 
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or  hyperlceratom.  This  phenoineuou  may  be  primary — that  is,  due  to 
intriusic  causes  inherent  in  the  anlage  of  the  skin  (ichthyosis,  lichen 
pilaris) — or  may  be  acquired  as  the  result  of  external  influences,  mechani- 
cal lesions,  infections  and  inflammations  (callosities,  corns).  Further, 
there  may  occur  disturbances  in  the  process  of  cornification  of  the  skin, 
so  that  certain  pathological  manifestations  recognizable  by  the  naked 
eye  may  make  their  appearance,  such  as  desquamation  of  the  skin.  Such 
changes  are  included  under  the  term  parakeratoses.  They  occur  especially 
as  sequelce  or  concomitant  phenomena  of  infections  of  the  epidermis,  and 
of  inflammations  of  the  corium  and  papillary  body,  sometimes  without 
any  recognizable  cause ;  and  in  these  cases  either  the  process  of  cornifica- 
tion or  of  the  formation  of  keratoliyalin,  or  both,  is  disturbed. 

Finally,  pathological  cornification  often  occurs  in  regions  where  normally 
it  either  does  not  occur  at  all  or  but  to  a  slight  extent.  In  the  skin  the  cor- 
nification may  extend  to  the  ducts  of  the  sebiiceous  glands  and  to  the 
hair-follicles  (ichthyosis)  or  to  the  sweat-glands  (porokeratosis).  Fur- 
ther, pathological  cornification  occurs  not  infrequently  in  the  mucous 
membrane  of  the  mouth,  giving  rise  to  white  thickenings  of  the  epithe- 
lium or  to  hair-like  formations  (hairy  tongue).  Horny  change  may  be 
observed  also  in  the  mucous  membrane  of  the  middle  ear,  in  the  mastoid 
cells,  in  the  descending  urinary  passages,  and  in  these  places  it  may  lead 
to  the  formation  of  shining  white  scales  (formation  of  cholesteatomata). 

Cornification  of  cancer  cells  is  very  frequently  seen,  particularly  in 
cancers  of  the  skin,  in  which  the  horny  scales  are  found  usually  in  the 
form  of  round  masses  resembling  onions  or  pearls.  Similar  horny  prod- 
ucts are  also  found  in  cholesteatomota  of  the  pia  and  brain. 

The  pathological  formation  of  horny  substance  in  the  mucous  mem- 
branes or  in  tumors  takes  place  either  simply  through  cornification  of  the 
eel  I -membranes  with  contraction  of  the  cell,  or  it  may  he  combined  with 
the  formation  of  keratohyalin  as  in  the  case  of  typical  cornification. 
The  formation  of  keratohyalin  and  the  cornification  of  epithelial  cells 
often  occur  irregularly  distributed,  particularly  in  cancers. 
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Xi»  Amyloid  Degeneration  and  the  Amyloid  Concretions. 

§  62.  Amyloid  degeneration  is  a  peculiar  degeneration  of  the  con- 
n^ive  tissue  i4  the  btood*vessels.  charat'terizrd  !»>'  a  depmit  of  an 
atbmtifHoid  mhstfttirf  ((tHtj/iOid)  in  Hip  jtOW'tini  part,  so  tliat  the  tissue  in- 
e  ir  u.ses  i  J I  m  ass  a  n  il  a  t  1 1  i  (^  sa  1 1  le  t  i  1 1  h  ^  act  ( ii  i  re  s  a  i  >vv  1 1 1  i  a  r\  f^htHmf,  ft  o  m  oge- 
jwtius  uppvaratwe.  Tlu*  dt*^ei»eratioii  may  fn-ciir  in  almost  all  tlie  *>rgans 
of  th**  bofly  ;  but  is  espeeially  ti't'tjueut  iu  tlie  spleen,  liver,  kldueys,  iii- 
teslirji',  sluuiaeii,  adrenals,  pauereas,  aud  the  lymph  j^lands.  It  is  uinre 
rarely  oli^erved  in  adip4>se  tissne,  ttiyroid  glands  aorta,  lieart,  moseles, 
ovaries,  utei'us,  and  in  the  uriiuiry  paRSjiges. 

Extensive  depusils  id'  amyloid  may  he  reciigiiizeil  by  the  uaked  eye, 
a«  tiie  Httc*et4'd  j^arts  ijrest^nt  a  transhieeut  ajipearauce  resembling  bacon 
(fnrdiwntits  drfjcHendhm  ). 

In  the  Hph'tn  tlje  ehange  occurs  most  frequently  in  the  follicles,  which 
in  a  certain  st:ige  of  the  degeneration  may  iKM^ome  eon\erted  iido  hiuno* 
geneons,  Ijanshieent  bodies  (Fig*  8t>, /.»)  restvndiling  grains  <if  boiled  s;ig<^ 
wiieiid'ori'  this  f*u'm  of  amyloid  sfileen  is  kituwri  as  mtjn  splrm.  WhcMi 
the  amyloid  ciiauge  ocenrs  thn^ughont  the  siiieenimlp  it  nniy  lie  rt:M.*og- 
inzed  on  the  cut  surface  of  the  organ  as  moi<*  or  less  distinet  spots  or 
streaks.  I'ltinudi'ly  the  greater  part  of  (in^  substantM*  of  the  spleen  may 
become  atlected.     The  spleen  is  thus  enlarged,  its  consistency  becomes 


^.^,^:^?m^ 


ii^A 


<-'  >:- 


^^;!. 


:X5i-';:^- 


^i^^:;:^:.--;:.:: 


Fm.   ae,— Amylolci  d^^^ajfen^^raUoQ  of  tlie  splenic  folld  ;  .. jj;^bbi>iinff  tissue.     (MOIler^s   fluid, 

hffinmUJxvUn.  and  eosla,)    a.  Trm^svvrsti  avcUim  of  xpit-un   iiji*fi>;   />,  amyloid  ares*;  <■,  pulp:  rf,  tra- 

very  hard,  and  the  organ  under  certain  c^uulitions  may  be  completely 
transformed  into  a  ha<*t»ndike  sul>stance  (htrdm-mm  nplt'en). 

The  firrr,  iu  eas*\s  of  weli-marke^l  amyhnil  ilegeneration,  is  iucreni^ed 
in  size  ami  of  a  tinner  consistency*  On  stM-tion,  the  liver  tissne  is  found 
to  l>e  replaced  to  a  greater  or  less  extent  l*y  translncent,  lardaeernis 
mjisses,  between  which  the  remains  of  t lie  liver-tissue  appear  a^  brown- 
ish or  yellowish  (from  abundance  of  contained  fat)  arenas. 
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The  kidnf'tf,  in  c'4iwes  of  exteiiftive  amyloid  chimge,  is  likewii^  eulai-ged 
iitiU  hartleued,  aod  ou  seetiou  shows  hyaline,  lardai*eoiis  spots  and  fc»treakjs 
of  firm  conjiJst45ucy*  More  frequently  thei^  in  fouinl  a  wliite,  fatty, 
Hwolleiit  or  normal- siz4^d  kidney,  in  which  only  here  and  th(*re  may  be 
»een  small  hyaline  gnmules  or  streaks,  or  the  presence  of  amyloid  may 
be  recognized  only  after  the  tisanes  have  t»eeii  treated  with  iodine. 

Id  the  intestine  and  lymph-glands  the  degeneration  usually  cannot 
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Ficj,  87,— Station  from  an  amyloltl  liver,  treiit4?d  wltli  icidint  soluiion. 
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Iw  recognized  without  the  aid  of  the  miero8CM>pe  and  chemical  reagents; 
ai»d  the  same  thing  is  true  in  regard  to  the  other  c organs  \vhit*h  are  more 
r-ar-ely  affected,  such  as  adipose  tissue,  he^rt-musch\  the  great  blood- 
vessels, the  thyroid  gland,  etc. 

The  substam-i*  which  is  deposit^MJ  in  amyloid  degeneration  forms 
chielly  shining:,  homogeneous  masses,  whicli  exhibit  a  rfntntderi^tic  n- 
action  tnth  iodinf  an  irHl  lus  with  ran'ous  anUiite  (hjen,  Joflinf  dissuhi'tl  in 
water,  or  better  in  a  solution  of  p<jtiussium  iodide,  and  poured  over  the 
affected  tissue,  Htains  the  amyloid  snbstanee  a  dmk  hrowtn'Hhrt'd  f  mahog- 
any bri>wu ),  In  thin  sections,  under  the  mieroseoiH%  the  amyloid  appear? 
a  bright  bmwnred  (Fig.  87,  b)  while  the  remaiuiug  tissue  is  of  a  stmw- 
yellow  color  (a). 

Ill  marked  amyloid  di'generation,  when  the  tissues  ai*e  of  a  wooden 
liardm*.sH,  the  iodine  reactirui  sometimes  gives  a  hlnf*  or  grem  rolw\  Pre- 
parations  which  have  been  changed  to  a  mahogany  browr*  thnnigh  the 
action  of  iodine  become  still  deei>er  brown  when  ti^ated  with  dilute  snl- 
phuric  a^'id  or  with  a  si^lution  of  zinc  chloride,  or  they  may  iKH'oine 
bright  red,  violet,  blue,  or  green.  This  resvction  is,  however,  imperfec^t 
in  tbe  nuijority  of  cases* 

Mt'thtfl  riafet  stiu ns  amyloid  a  mbtf  red  (Fig.  88,  fty  h),  while  the  nor- 
mal tissue  takes  a  blue  or  dark  blue- violet. 

Becau.se  of  the  peculiar  i-eaciiou  with  imline,  Virchow  was  led  to  re- 
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giinl  till*  amyloid  substaiiee  tm  a  iioti-nitro^**tKjua  body  elosi^ly  relatpd  to 
cellulose  or  8tareh,  iiiiismuch  as  cellulose  when  treated  with  iodine  mnl 
cMHu eiitrati^l  solphuric  acid  becoiiies  l>right  blue,  and  Ktiirch  ftiiuilaily 
treated  gives  au  ultramarine  color,  Virchow  aecorditigly  j^a\e  tlje  uame 
amyloid  to  the  newly  discovered  snlistance,  Several  years  later  Fried* 
reich  ami  Keknle  showed  (hat  aiiiyU>id  is  a  iiitrogenons  body  of  an  albu- 
minous nature.  According  to  the  investigations  of  Krawkuw  amyloid 
is  a  tirm  combination  of  eiu)udroitin%snlphurie  acid  with  au  albumin. 

The  p*>culiar  reactions  of  amyloid  enable  us  to  detect  its  presence  in 
the  tissues  wlien  it  is  present  in  su*ii  small  amounts  i^  to  be  otherwiise 
practically  invisildc.  Tu  the  microseopic  examination  of  fresh  pi^jiara- 
tions  cai'e should  Ix"  taken  to  wash  out  thr  blood  from  tin*  \*U*rv.  of  lissne, 
sincr  the  color  resulting  f mm  the  combination  of  ttie  tilnod  and  the  iodine 
may  be  deceptive. 

Amyloid  is  very  resistant  to  acids  and  alkalies.  Alcohol  and  chromic 
acid  do  not  aflfect  it;  and  it  is  also  very  resistant  to  putrefactive  changes,  i 
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Flo.  8^ — Amyloid  dtTLfeiicnitioD  uf  Uw  B|:ilt-iiJi'  folH<i«**i  and  pulp*     f  Alfohol,  metlijl  Ttolet,   hydrochloric 
ncUlJ    ih  KiHJiclM  iiU«>u  iu^  mm  ktnl  doiuM-ueratlon ;  i*,  irulj)  ^howlntr  bcgrlnntnir  tii'KenerniJotu    a  3UU, 


A m yio i d  Is  d epos i ted  in  the  p ro n u d - .nuhnt a n cr  of  i h r  ro u nect i re  t imn e  of 
thf  hiood  rtHH(L%  (fipt^rfttfiif  ht  the  irtili^f  of  (h*^  amnfl  vtMnrh,  Living  cells  are 
not  alfrct<ML  In  the  connrclive  tissm*  the  aniyloid  substanee  appeiirs 
lirst  iK'lwrcn  the  fibrilhe* 

In  the  acini  of  the  li\er  the  amyloid  is  found  along  the  capillaries. 
The  endotlu'lium  (Fij:,  80,  r)  is  eovcivd  rm  its  ontrr  side  by  a  thick  layer 
o(  a  homogeneous,  glassy  substance,  wlii(*h  in  part  may  Iw  broken  up 
through  niuuei'ous  clefts  into  lumpy  imLsses  (<)  of  amyloid  matt*riaL 
The  liver-cells  hetwi^en  the  amyloid  msisses  are  either  intact  («)  or  com- 
pivssed  {/>),  or  alrejaly  atroi>liic,  or  may  ha\e  wliolly  disappeared. 
They  very  often  contain  fat.  The  aH\*rent  hlood-veaselH  of  the  li^er, 
particularly  the  UH*dia  of  the  art^-rics,  uniy  also  show  am^ioid  deposits. 

In  tin*  kidneys  (Fi^.  90)  tlie  amyhnd  is  found  particularly  iu  the 
vess4^b walls.  Tlie  capillaries  of  the  glomeruli  (h)  may  t»e  greatly  thick- 
ened and  liomipgeneous;  likewise  the  arteries  0),  the  veins,  and  the 
capillaries  {I)  of  other  parts  of  the  renal  pai-euchyma  may  show  amyloid 
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tleptmits.     Ill  tlie  ijjtesliuai  liiurosii  ihr  dt'jjoi^it  is  also  ftniiid  particularly 
in  t\w  Willis  oftlM^  hlocKl  vrss<*ls. 

In  fiU-tissui*.  wliit^h  is  orcusioimlly  extensivt*ly  iinolverl,  the  amyloid 
suhsraJK-e  is  fonnd  parlly  in  tlir  vessel-walls,  itnd  partly  in  the  eininetv 
rive  tissue,  and  the  mend»r;uioiis  sheath  nf  the  fat  eells  may  In*  eniiit^Iy 
convertHl  into  a  hyaline  mnss.  In  the  spleen  the  eoniieetivi* -lissne  tra- 
iMM^nhe  (Fij?.  HH,  a,  />)and  the  vessid-walls  are  esfH'eially  likely  to  he 
aflVefed»  and  may  sutTer  a  marked  thiekenin|i^  (7*).  In  slriperrmus4'le 
the  perimysium  inteninm  ;uid  the  sarcoleinnja  are  in\«)l\i*d,  hi  glandu- 
lar organs  posseHsiug  a  tnniea  propria,   as,   for  example,   the    niueous 
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na.  8II.^Aio.rU»ld  tkgiftM^mttoti  of  the  Wv^r,    iAhytho],  Van  Glf«nii*Mj    a,  Ltvt*r-<^1U  In  purtcunlAlnltiff 
tali  /s  r«jinpri'a«*wl  llverni-flU;  r^amyluld.     •  U4<». 


ghirub?  and  the  kidneys,  this  memhraue  may  lMH'«»mf*  afT€*eted  ami  greatly 
thiekened. 

The  results  of  amyloid  de^^eneratiou  upon  the  funeiionsand  vitality 
of  1h«*  iitt'eeted  or^aii  are  shown,  through  anattrmieal  investigation, 
most  pnnninently  in  tln^  marked  rlntntfr  ftf  Htntrfiire  \n\  tlu'  ime  hand,  ami 
oil  the  other  hahtl  in  the  assiwiateil  dt'geaeriftiini  tiiid  the  tiistfpprariDwe  of 
the  rrfJular  fttmruU.  Amyloiil  disi*i4S<*  is  endiuMilly  dr^t*iier;itive  iu 
ehar.ieter.  The  eiuineeti\e  tissm*  itst^lf  is  permaiieitlly  ehanged,  as  the 
prrMvlically  insoluhte  anjyh'id  is  iie\  er  removed  from  it. 

The  deposit  of  amyluid  sulistanee  in  the  tissues  of  the  hi o<xl-% easels 
leads  to  a  very  marked  thiekeniiig  nf  their  walls,  and  to  a  narrowing  or 
€ven  obliteration  of  tht^ir  luuiina  (Fig.  90,  h),  and  in  this  way  to  a  per- 
manent disturbance  of  eireulation.  The  amyhnd  mjtssc»s  may  eompre^ 
neighlK*ring  epithelial  strnetnres  ( Fig.  SSf)  aiul  eauM*  them  to  atrophy- 
Often  there  i.s  iLss<x»iated  a  fatly  degenenrtioa  of  tlie  einthelium  (Fig.  f>0, 
c.  f),  particularly  in  the  kidneys;  but  this  change  is  not  to  1m*  referivd 
wholly  to  the  disturhances  of  eireulation  i*aust*d  by  the  ajnyloid  deposit, 
Jt  18  more  likely  that  the  fatty  degeue rat iiui,  at  least  in  pari,  is  a  path- 
ologicjd  proeeKS  running  paraUel  with  the  amyh»id  dist*a,st%  and  eausi^d 
bv  the  ftame  conditions  jjnKlui'ing  the   latter,     f *onsp<|nrntIy,    in  somo 
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castis  the  amyloid  change  may  be  slight,  while  the  fatty  degeneration  is 
very  marked. 

In  the  spleen  and  lymph-glands  the  lymphoid  cells  lying  in  the 
meshe^s  of  the  thickened  reticulum  (Pig.  88,  a)  disappear  as  the  result  of 
atrophy  and  fatty  degeneration.  In  muscles  the  contractile  substance 
diminishes  in  proportion  to  the  increase  of  the  amyloid  deposit  in  con- 
nective tissue. 

Amyloid  deposit  is  usually  a  sequela  of  cachexia  due  to  chronic  ulcer- 
ative  tuberculosis  of  different  organs,  chronic  suppuration  (for  example,  of 
the  bones),  syphilis,  or  chronic  dysentery.  In  the  cachexia  of  carcinoma 
it  is  but  rarely  observed.  In  rare  cases  the  degeneration  occurs  without 
being  associated  with  any  of  the  above-mentioned  diseases. 

According  to  investigations  by  Czerny,  Krawkow,  Lubarsch,  David- 
sohn,  Maximow,  Nowak,  Petrone,  and  Schepilewsky  amyloid  may  be 
produced  experimentally  in  the  spleen,  liver,  kidneys,  and  intestines  of 
various  animals,  rabbits,  chickens,  doves,  mice,  and  dogs,  through  the 


Fig.  WX  —Section  of  an  amyloid  kidney.  (MQller*s  fluid,  osmlc  acid,  methyl  violet.)  a,  Normal  raaca- 
lar  liKjps;  7),  amyloid  vascular  loops ;  c,  fatty  ploraerular  epithelium  ;  Ci.  fatty  capsular  epithelium ;  cl,  fat- 
dmps  IvlnK  against  the  outer  surface  of  the  capillary  walls ;  <■,  fatty  epithelium  in  situ;  /,  demuamated 
and  fativ  epithelium;  a*  hyaline  coaffula  (cast);  /».  transverse  section  of  a  cast  composed  of  fat^ropa:  i, 
amyloid  art^rv ;  h,  amyloid  capillary ;  U  cellular  Inflltratiou  of  the  connective  tissue;  ni,  round  cells  within 
the  tubules,    'x  300. 

production  of  suppurations  lasting  several  weeks.  Amyloid  may  de- 
velop also  in  hoi^ses  that  ai-e  inoculated  with  diphtheria  bacilli.  Suppura- 
tive processes  caused  by  staphylococci  and  oil  of  turpentine  appear  in 
particular  to  favor  the  formation  of  amyloid.  In  a  number  of  cases  amy- 
loid was  also  successfully  pioduced  through  injections  of  decomposed 
bouillon,  (lead  cultures  oi"  staphylococci,  ivnnet-ferment,  and  paucreatin 
(Schepilewsky),  when  the  iutianunatiou  produced  by  these  agencies  ran 
a  somewhat  chionic  course.  Krawkow  observed  the  beginning  of  amy- 
loid formation  after  three  days,  Nowak  after  eight  days. 

The  orh/in  of  the  amyloid  snhHt<inrr  has  not  yet  been  definitely  deter- 
mined. The  results  of  experimental  investigation  vary  greatly,  the  de- 
generation being  often  absent  in  casi^s  of  chronic  suppuration  (particu- 
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larly  in  dogs).  It  is  probable  that  the  blood  brings  to  the  tissues  some 
substance  which  is  changed  into  amyloid  at  the  site  of  deposit.  It  has 
been  many  times  shown  that  as  the  awtecedent  of  amyloid  there  is  found 
a  hffalitie  substance  in  the  tissues,  which  does  not  give  the  amyloid  reac- 
tions. Similar  observations  have  occasionally  been  made  in  man.  The 
material  from  which  amyloid  arises  is  formed,  perhaps,  by  disintegrating 
pus-cells  or  tissue-cells  at  the  seat  of  the  primary  disease  and  thence 
enters  the  blood-stream. 

According  to  Krairkmc,  there  are  found  normally  in  the  wall  of  the  horse's  aorta,  in 
tlie  ligamentuni  nucha;  of  cuttle,  in  the  stroma  of  the  spleen  of  calves,  and  in  the  mu- 
cous membrane  of  the  stomach,  combinations  of  chondroi tin-sulphuric  acid  which  are 
closely  related  to  amyloid.  According  to  Neuberg,  amyloid  proper  is  a  basic  albumin  in 
the  process  of  meta^norphosis  combined  with  chondroitin-sulphuric  acid.  From  this 
last-named  combination  the  basic  albumin  body  may  be  easily  differentiated  chemically. 
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g  63.  The  form  of  amyloid  dejijeneration  just  considered  is  a  disease, 
which  usually  appears  a8  a  multiple  aflPection  of  several  orgaus,  or,  if 
confined  to  a  single  organ,  appears  as  a  diffuse  change  extending  through- 
out the  whole  organ.  There  is,  however,  a  localized  form  of  amyloid 
deposit,  appearing  either  as  ^'local  amyloid  infiltration  of  the  tissues  or  in  the 
fonn  of  free  concretiomt. 

The  local  amyloid  infiltrations  occur  in  part  in  very  cellular  granu- 
lations (conjunctiva)  and  in  tissues  showing  chronic  inflammatory  proc- 
esses; and  in  part  in  sears  and  in  hyperplastic  proliferations  of  connec- 
tive tissue.  They  are  also  found  occ^isionally  in  tumors  in  which  other 
retrograde  changers  have  begun.  In  certain  cases  only  small  deposits  are 
found  in  the  affected  tissues,  usually  in  the  vessel-walls.  In  other  cases 
larger  nodules  consisting  almost  wholly  of  amyloid  may  be  formed,  and 
these  may  acquire  a  wooden  hardness. 

Here  also  the  amyloid  suhHtaiwe  is  deposited  in  the  ffround-substance  of  the 
tiHHue;  but  it  has  teen  claimed  by  some  authors  (Kahlmann)  that  the  cells 
of  the  tissue  may  acquire  a  hyaline  appearance  and  give  the  amyloid 
reactions. 

Such  local  formations  of  amyloid  have  l>een  found  in  the  inflamed 
conjunctiva,  in  syphilitic  scai-s  of  the  liver,  tongue,  and  larynx,  in  in- 
flamed lymph-glands,  in  the  urinary  bladder,  ulcers  of  the  leg,  and  in 
tumors  of  the  larynx  and  stomach.  Tumor-Iilce  nodules  of  amyloid  also 
occur  in  the  conjunctiva,  tongue,  hirynx,  lymph-glands,  and  trachea 
under  conditions  in  which  it  is  impossible  to  establish  any  relationship 
between  them  and  inflammatory  processes,  and  where  besides  the  hyaline 
mtusses  there  is  but  little  normal  connective  tissue  present.  According 
to  Burow,  Manaase,  von  Schrotter,  Zahn,  and  others,  such  nodules  may 
arise  also  from  connective-tissue  tumors. 

Free  amyloid  concretions  or  corpora  amy lacea  occur  most  frequently 
in  tlie  tissues  of  the  central  noivons  system,  esi)ecially  in  the  substance 
of  the  spinal  cord,  and  in  the  cpendynia  of  the  ventricle.     They  are 

found  also  in  the  prostate.  In  the 
nervous  system  they  appear  as 
small  (Fig.  91,  c),  dull-shining, 
mostly  homogeneous  bodies,  more 
rarely  consisting  of  a  nucleus  and 
an  outer  shell  (Redlich) ;  in  the 
prostate  they  form  larger  (Fig.  91, 
a)  bodies  which  usually  shoM'  a  dis- 
tinct stratification.  Corpora  amy- 
lacea  have  also  been  found  in  car- 
cinomata  (Wagner,  Langhans),  and 
have  been  repeatedly  observed  in 
the  lung,  where  they  occur  in  in- 
flammatory areas,  hremorrhagic 
extravasations  (/>),  and  in  em- 
physema. 

The  loeal  deposits  of  amyloid  and 
the  free  amyloid  eoneretions  cannot  he 
rer/arded  as  being  wholly  of  the  same 
nature  as  the  progressive  amyloid  de- 
generation of  connective  tissue.  Some 
of  them  indeed  give  characteristic  amyloid  reactions,  and  the  corpora 
amyhu'ca  of  tlir  nervous  system,  in  i)articular,  become  blue  or  brownish- 


o 
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Fir,.  Ql.—Corpijra  aniylucea.  n.  Ijiinlnat4'ti  pros- 
tatic roncnnlous.  ^.  '^t).  /»,  Corpus  ainylaceiiiii 
from  an  old  luuniorrha^c  infant  of  the  hum.  with 
ha^niatoidin  crvstals  In  Its  nucleus.  X  'M).  c, 
Coriwra  aniylaccu  from  the  spinal  (•<»rd.     X  M^l 
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violet  when  treated  with  iodine  and  sulphuric  acid.  But,  in  the  case  of 
these  bodies,  we  have  to  do  with  formations  which  are  dependent  essen- 
tially upon  local  conditions  for  their  origin ;  and  which  are  derived  in 
part  from  epithelium,  and  in  part  from  connective-tissue  c^lls.  They 
are,  therefore,  to  be  regarded  partly  as  modified  epithelial  hyalin  (§  60), 
and  partly  as  modified  connective-tissue  hyalin  (§  65).  The  prostatic 
concretions  are  formed  through  the  fusion  of  masses  of  degenerating  epi- 
thelial cells  or  of  fragments  of  the  same  (epithelial  colloid,  §  60)  ;  and 
the  similar  bodies  found  in  the  lungs  and  in  tumors  are  composed  essen- 
tially of  the  products  of  disintegrated  cells,  though  in  part  aiso  of  albu- 
min derived  from  the  blood.  The  corpora  amylacea  of  the  nervous  sys- 
tem arise  probably  from  fragments  of  swollen  axis-cylinders  to  which, 
perhaps,  remains  of  the  changed  medullary  sheath  still  cling. 
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XIL  Hyaline   Degeneration   of   Connective  Tissye  and   the   Hyaline 
Products  of  Connective-tissye  Cells. 


g  (>4.  Under  t.ie  head  of  hyaline  degeneration  of  connective  tissue 

may  l*v  f^roujMMl  tlione  t'hau^es  in  which  the  fibrotf.^  f/roum}Hi(kHianci'  of  the 
rofutf^etire  Hhhup  of  ffn'  Moo(Iif'.sM'h  aetpiirvsa  hifaHne  ehti  ruder  irithottt  </irhtff 
ihr  i^x'cific  readionH  of  amtfloHl  (Fv^,  92),  The  cIiaiiKe  may  involve  Uiir- 
nnd  t'otiiM'eti\«  tissin^  (Fi^^  92),  or  that  altered  hy  iutlammatioii,  as  wi'll 
as  the  newly  ftn'Tiied  (*<iniieetive  tissue  of  ioliamumtory  new-t^nvwths  and 
of  timioi's.  It  is  de]>eiKleiit  partly  upon  loeal  and  partly  iipou  general 
distarbaiiees  of  cireiilalioii.  Hyaline  degeneration  is  found  most  often 
in  the  eon neetive  tissue  of  the  thyroid  (Fig.  1»2,  5);  the  valvular  endo- 
eardium;  inliniaof  the  arteries;  the  entire  wall  of  the  smaller  vessels, 
particnilarly  of  the  hrain  and  Sjiinal  eord ;  the  lymph-glan<ls  (Fig*  1*4,  a, 
b);  glonieinli  of  the  kidney;  Oie  eonne(*tive  tissne  and  liloo<l- vessels  of 
eonneetiv**  tissue  hiniurs  i*f  tljt*  dura  mater  (psjnmnyuia),  parotid,  ami 
snhnuixillary  ghinds  (angiosareoma) ;  the  eouneetive  tissue  of  corneal 
sears;  tlie  peripheral  ]NU1ions  of  tnberenlons  nothdesj  ttie  eouneetive 
tissnp  of  liiiit'renlons  t<-ntiou-shea11is  ami  hrii-sa^  niueose  (Fig.  1*3,  h). 

Hyaline  degeneration  of  eonne_H'tive  tissue  possesses  no  sjieei lie  staining 
reactions,  as  does  amyloid.  Staining  with  Van  Gieson-s  (aeid  fnehsin 
and  picnc  iwidj  gives  to  hyalin  in  the  great  jnajority  of  cases  au  intense 

ftjehsin  red;  hnl  this  re* 
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aetion  is  soun'tinies  want- 
ing. It  is  probable  that 
the  degeneration  of  eou- 
neetive tissue  known  as 
liyaiiue  re|)rest-n«s  a  va- 
r  i  t '  t  y  i  I  f  d*  'ii^i  *  n  e  r i  1 1  i  vt*  e  o  n  - 
dit  ions.  Dy  nuiny  anthoi^ 
hyaline  eoagnla  of  exu- 
dates, occurring  in  the 
tissues,  are  in*'lnded  in 
I  Ills  group. 

In  many  ease.s  (Ihiek- 
ening  of  the  heart- valves 
or  of  the  i  nil  ma  of  ar- 
teries) tiie  tissue  a v» pear's 
iHi  mieroseopieal  examin- 
ation to  lie  very  thick 
an*l  dense,  and  from  this 
ftR't  the  condition  has 
Ihhmi  designated  sclerosis. 
The  eanse  of  the  thicken- 
ing and  homogenous  eharricler  is  uai  known i.  Tlie  gradual  disjippearanee 
tjf  the  nuclei,  tbe  substHpiiTit  ealcilieatiou  (s«^e  §  kUl),  ar  softening  even  to 
the  jmint  of  ciimidele  disinlcgtatiou  (fi»r  exanii>le  in  selerolic  arciis  of 
the  intiinaj,  the  siHpiestndion  of  the  altered  tissue  from  the  normal  (for 
examfde,  in  the  degenerated  portions  of  the  walls  of  the  lun'SiP),  all  point 
to  tlie  fact  that  tln^  priK-ess  is  esseutially  degeueralive  in  ehanu'ter. 

In  otln^r  cases  the  appearance  of  tlie  hyaline  tissue  resembles  chisely 
that  of  amyloid  degeuendion,  and  there  is  associatetl  with  the  hyaline 
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et)llolrl  i?oiire.     fAlc«jti  .,        .     .r:.i-n's.)    «.  F(illlrli=« enntiiJMliJif 
colloid:  J/,  byiilliieMiDiiet-uviHiMiiti:  c.  tiI<MKl.v(%st;).    /;  3U). 
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chanj^e  a  j)rououTic*Hl  hirreuse  of  hulk,  parHrularly  so  iq  the  eiise  of 
hyaline  (lefjeiienitioii  of  tlje  filial  I  vessels  of  thetieiitnU  uervoUH  system, 
g  1 II  HI  e  r  o  1  i ,  mul  the 
lyiiiph-^HaiteLs  (Fig.  94, 
o»  /^jjiiiure  rarely  in  the 
hyaline  dei^eiieratioii  of 
the  connective  tissue  it- 
self. Tlu^i'e  (K*eiH',  more- 
over,thoiij^h  very  itirely, 
w*rtain  forms  of  hyaline 
de^enei-al  i  on  i  n  vol  v  i  iig 
uevenil  orptus,  the  heart 
(Fi^'.  115,  /*,  e),  morons 
nii*[yhnines,  iutestiniil 
wall,  ele.,  with  the  foi- 
liiatioii  of  j;i:issy  niass4\s 
whieh  in  part  ijjive  the 
aiiiyh^id  jt^jvetion,  andiii 
part  do  not.      [n   ijrohf- 

eratioiLS  of  the  (M>n jnnetiva  there  have  been  frtMinently  observed  hyaline 
de^'enerations  of  t]\e  retienlar  ground -substance  with  nodular  thiekeu- 
ings  of  the  same;  and  these  ehanges  give  tlie  amyloid  reaction  only  in 
part.  It  may  1h«'refon>  Ite  iissunu»d  that  there  is  a  form  of  liyaliiie  de- 
geiiemtiou  of  ibe  eonneetive  tissne,  ubieb  is  clos44y  relided  to  amybiid, 
and  may  Ijecouie  changed  into  the  latter  (see  §  62);  and  that  it  arises 
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FlfJ.  94- 


Flf  J.  95. 


94.— HyaUne  dPffpnenitkiD  of  tHe  blocHl-vft8a«»lJi  of   an  atrophic  axtlliirT  lyiwitli-tfliind-      (Alcobol, 
carmlue.)    ni.  Hynllrie  vft-sH*'!  with  opt*n  Eiimi'ii ;  }k  obllUtniled  v«iM«l.     >:  all*. 

Fro,  W6.— Hymlloe  d*!tf»*in»ratlun  nf  Um  cmioHtlvi*  ijiaut*  of  tbe  iimwmrdlutii.    tAlmti^il,  bcemiittixyHn, 

through  the  dei>osit  (>f  a  hyaline  insoluble  albuminous  body  which  is 
probably  derived  from  the  lilood. 


The  preparatkm  shown  in  Fig.  1*5  was  taken  from  t!ip  heart  of  a  woman  of  flftj''* 
five  years  of  age.  the  gnati-r  iiarr  of  ihe  lieart-wall  pri'scniinur  a  liyaline  ih/>!:eiHTatiolj. 
In  biilh  endo-  and  pericardiniii  thert'  wen*  numerous  li^^tiUiiL*  iiodoles  and  fliUtcMiinl 
maasefL.  The  mu»ck'  tissue  %vu!4  in  part  drgeueratiti,  as  shown  in  tiie  Iigure.  Associ- 
ated with  this  eoDditioo  then*  whs  extensive  degenemtion  nf  Mir  blood  vcajw^ts,  pni- 
tkularly  of  the  iiitc^tims,  tn»i^UL%  lungs,  luari,  and  uiiiifiry  bladdiT  The  iierit<UHnini 
wri^  iiU*>  Thickly  tovercd  with  hyaline  nmluli'S.  The  faet  that  the  small  areas  aixi  the 
jM  t   the  larger  ones  gave  no  fodine- reaction,  w  hi  h*  the  rent  ml  i>«»rtii»na  of  the 

[jii  _  did  8<>,  appears  to  point  t'lmclusively  toa  closi>  relat!%»nsliip  between  hyaline 

degtueiution  aod  ainylof<l»     A  Biniilar  rase  hits  been  deacrihed  by  Steinhaus. 
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§  r>5.  Hyaline  products  of  connective-tissue  cells  arise  in  the  first 
place  from  spherical  luiisses  of  flat  connecUve'tissue  veils  arranged  in  con- 
centric  layers,  which,  in  a  maimer  siuiihir  to  the  coruification  of  epi- 
thelial cells,  l)ecoiiie  changed  into  a  hyaline  substance  contaimng  no  nuclei. 
These  formations  occnr  most  frequently'  in  the  meninges,  the  choroid 
plexus,  and  the  pineal  gland,  and  in  the  new-growths  arising  in  these  re- 
gions. Thiough  sul)se(iuent  calcification  they  lead  to  the  formation  of 
laminated  concretions  of  calcium  sjilts  (sc^  g  ^^>  ^  ig-  103). 

Another  kind  of  hyaline  fonnai ion  probably  owes  itsorigin  toasecre- 
tory  activity  of  the  conncH'tive-tissue  cells.  This  may  be  designated 
secretory  connective-tissue  hyalin,  but  it  must  be  noted  that  under  this  term 
there  is  included  a  variety  of  different  formations,  and  that,  as  in  the 
production  of  colloid,  the  cells  as  a  xchole  may  he  converted  into  hyaline 
products. 

Further  belong  here  certain  granules  and  spherules  of  hyaline  ap- 
pearance which  stain  especially  intensely  with  fuchsin,  though  staining 
also  with  methyl  vioh't,  gentian  violet,  etc. ;  and  which  are  known  as 
fuchsinophile  bodies.  They  are  also  often  called  Kussel's  bodies  from  the 
fact  that  they  were  described  closel 3^  ])y  liussel,  who  regarded  them  as 
panisitic  fissi(m-fungi. 

Fuchsinophile  bodies  are  found  both  in  normal  and  in  slightlv  altered  tissues 
(adrenals,  various  mucous  membranes — as  that  of  the  stomach — in  tne  brain,  spleen, 
and  lymphadeuoid  tissues),  also  in  inHamed  tissues  (particularly  the  mucous  mem- 
branes, for  example,  of  t  he  stomaclo  JnHanuuatory  new-growths  (polypi  of  the  stomach) , 
and  in  connective-tissue  tumors.  They  are  partly  intracellular,  sometimes  in  great 
numbers,  and  partly  extracellular.  They  are  to  be  regarded  as  cell-products,  probably 
of  the  nature  of  a  cell-.s<'creti(>n,  or  formed  as  the  result  of  the  disintegration  of  the  cells. 
Of  their  genesis  and  their  composition  nothin/r  definitely  is  known;   it  is  possible  that 
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they  have  a  close  relationship  with  the  mast-cells.  Those  occurring  in  the  brain  and 
spinal  cord  are  generally  classed  with  the  corpora  amylacea  (§  63),  even  when  they 
give  no  specific  iodine  reaction. 

Finally,  there  should  be  considered  in  this  connection  the  larger  hyaline  spherules 
and  casts  of  tul>e8  (changed  blood-vessels)  resembling  epithelial  colloid,  which  are  not 
infrequently  seen  in  sarcomata  (see  Endothelioma  and  Angiosarcoma),  inasmuch  as 
these  formations  are  also  to  be  regarded  as  products  either  of  a  secretory  or  of  a 
degenerative  process  on  the  part  of  cells. 

The  significance  of  the  granules  of  eosinophile  and  mast-cells,  as  well  as  the  neu- 
trophile  granules  of  the  leucocytes  (which  stain  with  a  neutral  dye  obtained  through  a 
mixture  of  acid  fuchsin  and  basic  methyl  green),  cannot  be  positively  stated  at  the 
present  time.  Ehrlich,  Ileidenhain,  and  Lowit  regard  the  granules  of  the  leucocytes 
as  secretory  products  of  a  specific  metabolism  of  the  cells  in  which  they  are  found,  so 
that  these  cells  may  be  looked  upon  as  unicellular  glands.  On  the  other  hand,  Weiden- 
reich  regards  the  eosinophile  cells  as  lymphocytes  that  have  taken  up  the  fragments  of 
disintegrated  red  blood-cells,  their  nuclei  in  this  process  assuming  the  polymorphous 
form. 

Arnold  regards  the  cell-granules  which  may  be  demonstrated  by  means  of  especial 
stains  in  leucocytes,  pus-corpuscles,  bone-marrow  cells,  and  also  ii;  other  cells,  not  as 
f^ranules  of  secretion,  but  r.s  representing  changed  structural  elements  of  the  cell  aris- 
ing out  of  a  metamorphosis  of  the  plasmosomes — that  is.  the  microsomes  of  the  cell- 
cytoplasm  (see  §  80).  Acidophile  cells  may  be  transformed  into  basophile,  or  the  reverse 
may  occur;  these  phenomena  are  to  be  regarded  as  the  expression  of  different  stages 
of  development  with  changes  in  the  physico-chemical  properties.  Hesse  has  expressed 
a  similar  opinion. 

The  formations  described  in  §§  64  and  65  as  connectite-tiastu  hyalin  are  undoubtedly 
pathological  products,  which  differ  from  each  other  in  so  far  as  their  mode  of  origin  and 
their  chemical  composition  are  concerned.  Since  we  do  not  yet  know  the  nature  of  the 
processes  leading  to  these  hyaline  formations,  there  is  nothing  to  do  but  to  group  them 
according  to  definite  points  of  view\ 

Von  Recklinghausen  gives  to  the  term  hyalin  a  much  more  comprehensive  nicaninff 
than  I  do.  He  includes  under  the  head  of  hyaline  degeneration  different  pathological 
changes  which  I  have  placed  under  other  heads.  He  defines  hyaliu  as  an  albuminous 
body  which  stains  intensely  with  eosin,  carmine,  picrocarmine,  and  acid  fuchsin;  is 
homogeneous  and  strongly  refractive;  is  but  slightly  changed  by  acids;  and  in  Ms  re- 
sistance to  alcohol,  water,  ammonia,  and  acids  resembles  amyloid,  but  does  not  ^ive  the 
iodine  reaction.  As  hyalin  he  includes  epithelial  colloid  and  the  hyaline  products  of 
connective  tissue  cells,  as  well  as  hyaline  degeneration  of  the  ground  substance  of  the 
connective  tissue,  also  hyaline  thrombi,  and  the  hyaline  coagula  of  inflammatory  exu- 
dates, and  hyaline  tissue-necroses.  According  to  this  author,  all  of  these  formations 
result  from  the  fusion  of  the  elements  of  neighboring  cells. 

From  their  external  appearance,  all  of  these  products  may  be  properly  designated 
hyalin:  but  the  following  varieties  must  be  recognized  :  epithelial  hyalin  (colloid,  kera- 
tohyalin),  connective-tissue  hyalin  (hyaline  degeneration  of  the  ground-substance  of 
connective- tissue,  hyaline  products  of  cells,  and  cells  which  have  become  hyaline), 
hlood'hyalin  (hyaline  thrombi),  exxuiative  hyalin  (hjraline  coagula  of  exudates  on  mu- 
cous membranes,  serous  surfaces,  inflamed  connective  tissue,  in  the  urinary  tubules, 
tubercles,  etc.),  and  hyaline  tissue-necroses.  In  the  case  of  connective-tissue"  hyalin  a 
distinction  must  be  made  between  the  hyalin  formed  as  a  secretion  in  the  cells  (closely 
related  to  epithelial  colloid,  in  its  mode  of  origin),  and  hyaline  degeneration  of  the 
ground-substance  of  connective  tissue. 
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XUL  Petrifaction  of  the  Tissues  and  the  Formation  of  Concretions 

and  Calculi. 

§66.  It  is,  oil  the  whole,  of  rather  frequent  occiirrenee  for  firm  crys- 
talline, or  amorphous,  granular  masses  to  l>e  dei)osited  in  various  parts 
of  the  body  -  tissues ;  and  wheu  such  deposits  are  of  such  extent  jis  to 
cause  hardening  of  the  affected  tissue,  the  resulting  condition  is  known 
as  petrifaction,  or  when  the  deposit  consists  of  lime-salts  (particularly 
phosphates)  as  calcification. 

The  dejiosit  may  occur,  in  the  first  place,  in  a  tissue  which  forms  an 
integral  elemcMit  of  an  organ,  and  which  bears  its  normal  relation  to  the 
surrounding  tissues.  In  other  easels  it  takes  place  in  portions  of  tissue 
which  have  been  looseneci  from  their  surroundings;  or  insoluble  sub- 
stances which  have  become  changed  into  a  firm  state;  or,  finally,  in 
foreign  bodies  which  have  entered  the  body  from  without,  and  form  the 
centres  of  a  ])rocess  of  incrustation. 

Jn  the  first  case  there  arise  petrifactions  of  the  tissues  ;  in  the  sec- 
on<l,  free  concretions  and  calculi.  Jt  is  to  be  noted,  however,  that  un- 
(h'r  <*ertain  conditions  free  concretions  may  become  firmly  attached  to 
the  tissues  of  the  organ  in  which  they  lie,  by  means  of  tissue-prolifei^a- 
tions  extending  into  or  surrounding  them.  On  the  other  hand,  a  calci- 
fied pnition  of  tissue^  may  in  theconrseof  time  gradually  become  loosened 
from  its  sunoundings  and  nltimat<'ly  form  a  free  concretion. 

A  deposit  of  lime  salts  occurs  in  the  lorm  of  very  tine  colorless  gran- 
ules (Fig.  1M>)  which  wiien  treated  with  silver  (von  Kossa)  take  on  a 
black  color  (formation    of  silver  phosphate)    (see  Figs.  97,  ft,  99,  and 
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100,  B,  h),  Wheu  lying  closely  crowded  together  they  become  cort 
tliieiit,  iiiid  thus  give  rise  to  the  funnatioii  *^f  chalky  foci  {  Kig.  07*  h) 
thut  are  usiudly  not  sliiirply  eiiciiniscrilH'd.  hut  may  form  also  circnm- 

scrilx^d   spheii4'!il  cojierelious  (  Fig.  9S  ).      Iji    ___-^«_^__^_.^, 

the  hhHid-vess44s  the  ejileilicjitiiMi  niuy   l>egin    l^S^V^S^-^'^^S^^ivf^^:^^ 
either  iii  the  cnmiective  tissue^   liiusc^lefibies^ 
or  in  th<*  elastic  tissm*. 

Tht5  rfuitir  of  (imiff'pftri/ftrfitm  h  hi  hr  Jhmifi 
chitif9ifuihfyi!(iHHiterhaiif/f''H,  \n  tliat  Hie  deposit 
of  nme-s;iltH  iisnally  oeeiirs  in  plaees  Miiere 
the  tisKiie  has  already  died  ov  is  in  process  r»f 
dt^geiier'ution  and  ntH'i'r»hiosis.  For  example, 
iimt*  salts  may  he  deposited  in  puhiHinaiy  infarcts  ( I*'i^^  Hlli,  thn^mhi, 
i!i  necrotic  fnci  arising  during  tlie  eonrs**  of  iutlanmiatiuiis,  also  in 
dead  cells  ]«rrti('nlarly  n^tal  (*pithelinin  (Fig.  101,  tl,  rj,  and  liver- 
cells  (  voii  KoKsi )  that  have  In-en  killcil  as  tlie  ivsnit  of  intoxications 
rmeiTiirif*  clihjride,  lead,  aloin,  hismnlh.  (*o]ipor  salts,  io^liue,  and  iodt»- 
form).  A  very  freijnent  anteeedent  to  tlie  deposit  of  liiiie-salts  is  tlu* 
m-currence  of  hyaline  degeneration  of  connective  tissne,  ofti'u  associated 
Willi  a  <h*i»osit  td'  fat.  This  cK't-ni's,  for  example,  in  tln^  thiekiMied  iidinia 
of  tile  blood  vesstds  and  Iknic! -valves,  in  liie  media  of  the  niedinni  sized 
arteries,  particularly  in  tlnM'Xtreniities,  in  inllammatory  new  fonnations 
of  connective  tissne  (for  example,  in  the  serons  Toenihiaries ),  in  tin*  con* 
liectire  tiKsne  of  tin*   kidney   pyrainiils  nf  old   p<*ople  (  Fi^.   100,  J,  /?), 
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FUl.  07* — Cjilciilcatioii  of  Oie  mefiiu  of  ih**  f»'rnoraJ  iirlery, 
b,  rnKlia;  c,  aiheiitJIia. 


(SilvtT  i»rtf|iHranoiiJ 
40, 


huirnr 


sind  in  tiegenerated  tliyroid  glands.  In  d\  ing  adipose  tissne  i  fat  neerosis 
ia  tiio  neighhr»rhood  of  the  ])ancreiis)  chalky  soap  may  l>e  fornn/d* 

The  liyallne  elniracter  of  the  rh'generated  conneetive  tissne  shows  well 
both  in  staining  witii  Van  (liesmi's  and  with  siniple  ha^iiab^x)  liii.  In 
the  c;i>i4*  <*f  the  latter  slain  tlie  cah^tied  emnieelive  tissne  (  with  the  exee]*- 
tion  of  that  fnlly  cah'iJiiHl  i  iHu-omes  a  ditVns*^  ilark  blue  i-oloi'  (  Fig.  H»o,  A, 
r).  The  Hjime  staining  reaclimj  orcnrs  als^^  in  the  eas4*  of  calritied  nec- 
rotic cells  (Fig.  lot,  d,  ^  ),  This  reat'tion  Indds  g«»od  mily  for  tlie 
deposit  of  carl>onates  and  phosphates,  bnt  nt*t  for  tin*  lixalates  of  lime. 

In  ntrr  e;is(*s  there  may  t>et'ni'  a  deposit  of  iimc-salls  in  or^rans  w  h{<h 
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show  hut  Hligbt  eliiiiigt^s — for  example,  in  the  lungs.  Since  in  part  of 
8Uf*li  tixses  tht'i'e  is  fainid  at  the* same  tiuit!  a  more  rapid  iib8*>rpt ion  of 
tlie  skeleton  (senile  atrophy  of  the  bone^i,  deshnidion  of  the  bniiej;  by 
tniJHns)»  this  dt^posit  is  te^^ardiMl  as  metastiitie  in  natiir(%  due  to  the  t>ver- 
loadiii^  of  the  hliitMl  with  lime-salts.  Kvi^ii  umler  tlirs*?  eireumstanees 
tin*  imuiediiitr  cause  of  the  (^Ji^itieatiou  is  local,  and  is  depi'udent   upon 


Fi«»  »H.— t;uit  itliH 


In  IhiTii.      <AN'iphi,jL  hii^miit^xviin. 


W\ 


r»*tro(rressiv(*  ehsinj^es — in  llie  Inn^^  tissue  fst^nilr  atmpliy,  obliteration  of 
vesst-'ls,  venous  i-ou^^^^stiiui )  :  Jimi  the  inneasi^d  aljstirptinu  *it'  theskelelnu 
is  liut  a  favoi'iii|r  faetor.  Aref^rxliii^  t<^  inv**sti;^iitinns  uf  Koektd  and 
Kisehensky  the  elastic  himellse  of  tlir  small  and  medium  sized  \essels  in 
part  itiilar  become  calcitird,  but  the  ehistie  fibres  and  <'ai)ilhirie.s  of  the 
alvet*hir  sc*{>tJi  are  also  involved. 

The  caleitieation  luay  aflfect  either  sjnall  or  large  areas,  and  in  the 
latter  ease  eans+'s  a  hardcnin;;^  and  white  etdoratiun  lif  tin*  tis,snes.  Ue- 
easioually  it.  api>cais  in  the  fnrm  of  sharply  circumscribed  spherical,  ur 


•  .V.  tm  '^ut  -ms.  ■v'^.AjK'  ;'T»j| 


-%i^^ft>*:« 


^^.:^ 


iM' 


:^W^X 


Fm,  9Q.- 


■Calcifiritlon  of  a  nwrotjc    lime  in  th<*  periphery  of 
wwks  old.     (Fcirimilfii,  stiver  tnatrnc'iiL) 


tifprnorrltu^C' 
ICK). 


titfarci    six 


nodidar  (Figs.  lt>2  and  ItKl  ,u,  h,  <•).  or  long  spieule-like  forumtions 
i  Pig.  lo:^,  (f),  or  as  cactus  like  t'oruiatioiis,  ami  there  arise  iu  coiiseqnenee 
CDncrettons  lying  within  the  tissue  that  oceasinnally  may  be  ivcogiiizeil 
even  witii  the  nakerl  r\{\  Under  jihysiologieal  e«jnditions  such  i'oucre- 
tions  mv  found  in  I  lie  furm  of  huuinated  c^lialky  spherules  in  the  pineal 
gland  and  the  clouoid  plexus,    forming  here  the  so  calle*!  brain-sand 


Flo,  inO.— HvallTK"  dejfetieration  and  caldfl cation  of  the  taiinectfve    tissue    of    th«^    kidney 
piUii".     .i,  i^tairivfl  with  tiM'tnatoxyliii  and  eosln.     B,  TrfutMi  with  silvtr  tiUrut**.     a,  CuUectin^ 
h,  bJ<K)«l-vtr*iiiel;  f,  comiective  tissu»*  showing  hyaline  di'senf  rution  and  calcification.     X  300. 


It^ 


m 


■*i 


•^^ 


forniiilit>n.s  may  be  hvsl  studied  in  the  |jsniiimcniiit!ii  and  is  ordiiiaiily  U> 
Jx-  referred  to  a  tnuisformutiou  of  tissue  eclls  (Fi^^  103,  a,  h,  r),  or  of 
Hbrous  eomi<*etive  tissiuMr/)  into  a  liyaliiie  laiuss  that  may  at  fii*st  still 
cotilaiii  uiK'lei  (a),  and  later  hises  llieiii  (b,  e),  aod  then  takes  up  lime- 
wilts.  8i>herieal  eojaMetiuiis  arise 
ehirlly  froia  hyaline  jnasses  fninied 
friiin  cells  (r^,  Ik  f\) ;  and  sfjieiiles  {d) 
urisi*  through  tin*  rah  iti(*alic»ii  of 
hyaline  eonneetive  tissue,  hut  siilier- 
iciil  eoiirretiiais  (r)  may  arise  also  in 
h V  a  1  i III*  et  ui  I ie< * t  i  ve  i  issue.  The  eoii» 
iieetive  tissue  whieli  undi*ri^M>es  de- 
geni^mlitui  aialealeitiejilicm  is  usually 
ordinary  ennneetive  tissue,  Itut  eal- 
eareiius  spieuh's  and  rouitd  t'laiere* 
tidus  uiay  ilevrhi]!  also  \u  dt^^^ier- 
ated  vessel  walls. 

A  true  formation  of  tione  or 
ossification  may  fnlhiw  tlu^  t  ah-itiea- 
lion  of  a  tissue,  either  Jis  llie  result 
of  a  new  tissue-l'nruiati<in,  iu-  of  a 
inetaphistic  dr'rfhtjfntiut  tff  ttmeotiH 
tUHm\  This  has  lj<*en  nbsrrviHl  most 
frequently  in  I  he  media  <»f  ealei- 
Jed  blood-vessels  t»f  Iht*  rxtrt'iuilii'S, 
t>ut  it  may  oeeur  also  in  <*uleiiied 
l\Tni»h 'glands,  in  the  ut*i|;,^hborho(»l 
of  eah'ilied  utM-rotie  areas  in  the 
liinpi,  and  in  thickened  serous  mem 
bnini's,  et<'. 
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fm.  hH.— TalPincfitfnn  of  tbp  cplthphum  of 

intf.  (AicMljitU  tifpntaioxyllnj  Piitit-m  «ttcd 
MiVt»D  dxiys  jift^T  ihf  tH>i!«(»nlii);.  m,  NVirmal 
uiImiU's;  }*,  tuhnle  wttti  di^wiuumLitAil  i^'pltbt^ 
finm;  *\  tnbuk-  wtfti  dt^iwiuaniJikM  and  nn^roac 
t'fiJthi'Uum  |hww«»s*!inf  no  nuclei ;  d,  r,  tnbule 
vviib   d«?g«.nieniied    aiitl    c<aleiaud  fpltbdlMm. 
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According  to  the  investigations  of  Gierke,  calcifying  tissues  (foetal  bones,  the 
enamel  anluge  of  the  dentine,  sand  bodies  of  the  choroid  plexus,  placental  calcifications, 
calcified  ganglion-cells)  contain  more  or  less  iron,  and  there  occur  also  iron-containing 
cell-necroses  (epithelial  casts  in  sublimate  poisoning)  which  stain  like  calcified  tissue. 


Flu.  lUJ. 


FIO.  108. 


Fiu.  Kfei.— Calcareous  concretions,    a,  Concretions  from  an  Inflamed  omentum ;  b,  calcareous  masses 
from  a  tuberculous  lymph-gland  which  bad  undergone  caseation,    x  200. 

Fkj.  103.  -Section  from  a  psammoma  of  the  dura  mater,  with  concretions.  (Alcohol,  picric  add, 
hsemuioxyiln,  eosinj  o.  Hyaline  nucleated  spherule  with  enclosed  calcareous  granule ;  h,  calcareous  cim- 
cretion  with  hyaline  non-nucleated  caiisule,  embedded  In  fibrous  connective  tissue ;  r,  calcareous  concre- 
tion surrounded  by  hyaline  connective  tissue ;  d,  calcareous  spicule  In  connective  tifsue:  c,  calcareous 
spicule  containing  three  separate  concretions,  embedded  in  the  connective  tissue.    X  17^ 

but  are  not  calcified.  In  other  cases  (fully  developed  bone  in  extrauterine  life,  calci- 
fied thrombi  and  calcified  vessels)  iron  is  not  present. 

Klotz  {Jour,  of  Ej'pt:r.  Med.,  1905,  1906)  suggests  that  the  formation  of  calcium 
soaps  is  the  first  step  in  the  formation  of  pathological  massits  of  calcification,  these 
soaps  later  undergoing  a  transformation  into  the  less  soluble  phosphat<^  and  curbonat*?. 

Welh  {Join',  of  Exper.  Med.,  1905)  found  but  miiuite  traces  of  calcium  soaps  in 
calcifying  matter.  It  is,  therefore,  probable  that  caleiuni-soap  formaticm  may  be  an 
important  step  in  the  process  of  pathological  calcilication,  but  is  not  an  essi'ntial  «»!u*. 
The  especial  afiinity  of  calcium  for  cartilage,  hyaline  connective  tissue,  etc.,  cannot  at 
prest'ut  be  explained. 
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bee  also  j^  6«, 

55  l>7.  The  uuiit'  ruiumun  pet ri furl iinis I'tmsist  ui  (iejHiKits of  pluKspluite 
of  liiiH%  8<>rjiutijurs  <d"  rarlxituHt^  uitb  t liese  Siitut*  uui^m^siiiiii  silts  iiijiy 
lie  nnxed.  IjicJer  especial  rHudilioiis  Uiere  nccur  alst*  deposits  of  uric- 
acid  salts;  p:ir 
rinibiriy  in  tin: 
dis«*as4*  known  SIS 
gout,  which  is  a 
I'hrouit*  disturb- 
ance of  the  f^eii-  199  Jt 
enil  nut  rit  ion 
eharaeterized    i»y       * /W^^  JSKf,*-i/ 

m^    leadin;^  to    a 

deposit    «»f     urie* 

aeid     in    flie    tis- 

811  e!i. 

Grmt  iKusnuliy 

inhtM'iti'd,  and  hnt 

nirely     ae*|nired: 

it  oeenr-s  niii^^t  fre- 

iltieidly  in  eertain 

rt^^i«His,    as,     fiM- 

example,  in  Eti^ 

Uind  and  in  North  tH/rniaiiy  :  ami  is  very  rare  in  othrr  <*onntries,   as  in 

South  <tennany.     Of  tin*  nltiinate  cause  <>f  the  tHs<»ase  \vc  have  as  yet  no 

[Mwitive  knowle<J^e,      It  is  ebarai'teri/ed  (diietly  In    tin*  deposit    in  (lie 

body  of  uric-acid  s;dts,  ebietly  stMliuui  urate,  willi  whieii  small  quanti- 
ties of  mrlnuiale  and  phosjiliatc 
of  lime  are  somt4inn*s  ;Lssn<dated 
(Fij^*  104,  h).  Tiir  deiiosil  <d' 
these  salts  taki'S  place  usually 
diM'iui^'  at*ute,  ty  ideal  (>aio\ysms 
ebaracteri/ed  iiy  ]>aiu  ami  in- 
Mamnuiti«iu,  but  very  ^reut  *\v 
partures  from  a  typical  ccUirse 
may  oeeiir.  The  depixsits  nw 
found  in  the  kidneys,  skin. 
TtR.  KtfV,— DfpiMtM  of  t>i««Hrk-«iij«i»»*i)  fn'Mtwts  itt  wkIi-      Kn1)oiit:it]i>HiiH     i  issue      i  en  d  on 

!jtt.urti..mf!M'i*rtiomttrr«rtniiK*.    Uf  u-r  Li*nwn*uJt.>       s  nit  mauLons     ussnc,     ii  noon 
''  slieaths,       teinlous,       u»^a  meats. 


'^■^' 


7i(i.  UK,— t)«*]x«U*  of  ur>it«^  in  tlit*  Une^jolnt,  In  a  case  af  »oiit.     <f,  i'<»ti* 
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burstr,  suid  artiriilar  cai'tila^^rs  ( Fi^^  104),  but  may  finally  bo  present  in 
ahno8t  all  the  origans.  The  iiH^atarsophnlangeal  jfjiut  t^t"  the  ^reat  toe 
is  a  favorite  site  iJnie|R>sit\  and  often  the  first  i>art  att'eeterL  The  de- 
posits eonsist  essentially  of  ehisters  of  fine  slender  needles  (  Fig,  105 ),  fn 
whost^  neighborhood  the  tissnes  are  degeiierat<*d  «>r  necrotie;  and  from 
this  it  may  be  assumed  that  the  nrates  entering  the  tissnes  in  solntiou 
give  rise  to  the  neerotic  changes  in  the  latter. 

The  area-s  of  neerosis  and  inerustation  are  at  first  of  small  size,  bnt 
oeeasion  inlianuiiation  and  tissue-proliteratioiis  in  their  neighborhood. 
Later,  with  the  oe  cur  re  nee  of 
othei*  panvxysms  the  deposits 
become  larger,  8cj  that  hirge 
nmiidefi  (the  so-called  fttpht) 
are  fiK'nunL  Ttiese  ctaisist  of 
white,  pi  aster  dike  masses,  and 
under  certain  ctmditions  may 
form  marked  nodnlar  thick- 
enings in  the  joints  and  ten- 
dons (Fig,  106). 

In  the  joints  the  articular 
cartilages  at  lirst  appear  as 
if  sprinkled  over  with  plaster- 
of  Paris  (Fig,  104,  h),  hot  later 
the  white  masses  penetrate 
deeper  and  may  permeate  the 
en t i le  a r1  i en  1  ;i i'  caTt i Urge.  I n 
the  kidneys  the  tissue- necrosis 
caused  by  the  nric  acid,  and 
the  i-esnlting  inllammation 
may  lead  to  eontraetion  and 
induration  of  the  organ.  The 
deposit  afleets  chiefly  the 
mednllary  j»yramidsj  tmt  is 
fonnd  also  in  tiu'  <*orlex, 

Aec^irding  to  (lariud  and 
El)stein  the  anUe  i^arexysms 
in  gout  dejHMul  ntmu  an  ex- 
cessive arcnmnlation  *»f  urie 
jund,  either  as  the  result  of 
d efie ie II t  i' x c r^et  ion  l>y  t lie  k i d - 
ueys  (Gar red)  or  of  local 
changes  (Klistein).  Aeeurd- 
ing  to  I^feilTer  the  gunty  pre- 
disposition  is  dm*  esstMitially 

to  the    laet    that    the  nric  acid      FJti*  tOfi.— <30Uty  node*  of  llw*  hnncl.     (Aft4?rI..ainM»r»*aux.) 

in  the  iHidythiids  ispnMlnced 

iu  a  torm  which  is  soluble  witii  dillieulty,  and  tends  to  lie  depnsibMl  in 
the  tissues  where  it  may  eolleet  in  such  (piantity  jis  to  cause  a  local ized 
iieci'osis.  The  symptoms  of  the  goidy  i>a.roxysm  are  suppost*d  to  (h'pend 
upon  an  iin-ivaMnl  alkalinity  of  the  iKidy-tJnids  canstMl  by  esjieeial  con* 
ditions,  as  a  n^snlt  id'  whielt  there  follows  a  jiartial  solution  of  the  de^ 
posited  uric  acid,  in  thi*  coni'se  of  whicli  |)rocess  attacks  of  pain  liod 
symptoms  ot  intlammation  are  produced.  On  the  other  hand,  von 
Noorden  regards  the  forumtion  and  deposit  t*f  nric  acid  as  a  s<'condary 
process,  due  to  the  local  miion  of  a  special   JVrment,  and  nnite  iude- 
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pendent  of  the  amount  and  condition  of  the  uric  acid  in  other  parts  of 
the  body. 
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§  68.  Free  concretions  are  formed  in  the  first  place  in  the  various 
ducts  and  cavities  of  the  body  which  are  lined  by  epithelium,  as  in  the 
intestines,  in  the  ducts  of  the  glands  pouring  their  secretions  into  the  in- 
testine, in  the  gall-bladder,  urinary  pas»iges,  and  respiratory  tract.  In 
a  certain  sense  the  concretions  formed  in  the  blood-vessels  and  serous 

cavities  might  also  be  included  in 
this  group,  although  they  are  for 
the  greater  part  firmly  united  to 
the  surrounding  tissues. 

AH  free  concretions  possess  an 
organic  hose  or  nucleus.  Thus  en- 
teroliths which  form  in  the  intes- 
tines have  a  nucleus  of  inspissated 
faeces,  or  foreign  bodies  which 
have  been  swallowed,  such  as  hairs 
(hezoar  stones  or  wtjagropUae),  or 
indigestible  portions  of  vegetable 
food,  etc.,  in  and  about  which 
phosphates  (ammonium  -  magne- 
sium phosphate  and  calcium  phos- 
phate), and  carlwnates  are  deposited  in  varying  proportions  according 
to  the  nature  of  the  food  ingested.  In  the  mouth-cavity  incrustations  of 
the  teeth,  known  as  dental  calculi  or  tnrtar,  are  formed  by  the  deposit  of 
lime-salts  in  masses  consisting  of  mucus,  cell-detritus,  and  bacteria.  In 
the  same  way  there  are  formed  in  the  ducts  of  the  salivary  glands  and  pan- 
creas oval  or  spherical  faceted,  or  irregularly  nodular,  glandiform  concre- 
tions, through  the  calcareous  impregnation  of  a  substance  derived  from 
the  epithelium  of  the  gland. 


FIG 


107.— Fareted    »t«m«!   from   the   gall-bladder. 
Natural  size. 
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Bifmekiat  raletdi  are  tViriiii^d  by  the  calciliciitiini  ^if  rhickt^ne*!  lirnncliiiil 
secretion;  the  HUmex  fomid  in  veitm  ami  arteries  (plil«'boliths  and  arferio- 
liUis)  ftoiii  the  t*iil<nti('iiticm  of  thrombi ;  prmktiir  caleidl  through  the  ciil- 
riht'iithm  of  the  so-eaUed  Jimyloid  eoHf*retion?*:  mtvej  Ki(mrH  Xhri^w^h  the 
reti'iititni  aud  iiit'iustatitJii 
t»f  desqiijimtittMl  c^pith^^liiini, 
haii's,  and  oHiei"  snhst;int*es 
whirl  I  may  enter  the  navel - 
drpresjsion. 

The  bilmr:4  mleufi  ami 
ffuU-HtirnvH  i'onnd  in  the  bile 
pa*ssji^e.H  a  n  tl  |^;i  1 1  -  bhidder  ar<  • 
in  part  small  grannies,  ami 
pailly  lari^ersplierieal,  oval, 
orl"art4i»d  sttMirs  (Fig.  107), 
which  <ni  fi-aetnre  a]4N'{ir 
to  consist  putrly  uf  erystal- 
line  mii,ssc\s.  liy  the  em- 
]doyment  of  prnper  methcnls 
it  may  \m  shown  that  these* 
stones  also  posst\ss  a  nitro- 
genons  gnmrid  snl*s1auee. 

A e< ■  o  1  tl i n g  to  t h e i r  esse n - 
tial  eoiitpusif  itm  gall-sbUKw  may  he  elaased  ius  ehnlesterin,  €holeste^ii^ 
pTgnlent,  bilirubin,  bilivenliii-ealeinm,  and  etileinm  earbouate  8t<mes. 
The  first  two  varieties  are  the  nujst  common;  they  present  a  rayed,  erys- 
talliiH*,  often  laminated  Inn-ture;  and  vary  in  <'olor  and  in  their  niottHng 
aeeordiug  to  the  anunuit  of  bile  pigment  prest^ut.     When  do  pigment  is 

present  they  may  be  eolor- 
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less  and  tmuslneent* 

If  theehole<sleriu  be  dis- 
solved ont  of  a  eholesterin 
stone  by  stnne  sni  table 
method,  it  will  l>e  found 
tliat  the  form  of  the  stone 
is  jiiT'Stoved,  a  nd  a  del  icate, 
for  ttie  greater  part  yelhnv- 
ish,  mass  renmins.  This, 
when  carefully  endKnlded 
and  eut  into  seetion.s,  is 
found  under  the  microseoiw.* 
Uy  eimsist  of  a  delicate,  ho- 
mogeneous snhstanee  (Fig. 
1  OS)  whicli  shows  concentric 
st  rati  ti  cat  ion  and  radiating 
cleft.s  or  spaces  which  w^ere 
formerly  occupied  l>y  the 
c*rystal y  ue  masses.  A  sim- 
ilar  grountl'Su Instance  may 
ire  dcnn^nst rated  in  other 
calculi  after  solution  of 
their  calcium  salts. 
Thert^  <*au,  thcrefi^re,  be  uo  dout>t  that  gall-stones  are  also  tlie  result 
of  the  incrnstatjon  of  an  organic  sijt>stratnm,  whicli  is  in  all  probability 
derived  from  the  mucous  membruue  of  the  biliary  pii*istiges  and  the  gall- 
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Fifi.  !!*>.— iri'  -I*'  Mi  jn/arot  al  \  he  new-bom.  ( Alcntioi.  ba^ma- 
toxyhiK  Drawn  fmotu  »  proptinitJnn  Unit  htiil  ln-en  wiikIiciI  In 
wuler,  \  Tniin«tverfi*^^M'lioi!i  nimni/li  I  he  p\  nitnlil  of  rhf  kWiitn. 
rt.  Tninsvertit' Mi'U>«n  4ff  iin«'h»njf<nl  loiiwtintr  lubuU' muti  ttm 
[Xtpjlltt;  /^  (HloleU  rnllirliriK  tulmle  IVIIetl  uit.h  nrir  aw  jil  iijn> 
cretlomii;   w  n^ntaJTm  \\{  mrn'rwUiuLH  afiiT  wanibHm  \\\\\\  wuN^r, 
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biladder.  Gall -stoups  occur  ospin^iiilly  in  sidvaueefl  years;  sta^iiutirm  of 
the  hile  favors  Hieir  format  ion.  TiifiniuiiiutHniHof  the  mucous  monihranes 
of  tlii»  l>ilc'p3issii^^vs  uin^incli*4iti8)  lead  to  dcsijuuiiuitioii  iiihI  rlesti iietiini 
u(  tlj<*  epitLeliiiiJi  ( eventually  also  to  e>ieujM^  of  leucoeyteHK  aud  in  Hie 
Ijrtxluots  derived  fiuiii  tliese  psillnilu^ieal  changes  hilinihin  and  eholes 
teriii  ai't?  deposited.  When  on(*e  a  ecMieretiou  i.s  fHiuHMl  it  iin^ieuses  in 
Hizi*  thronj^h  the  deposit  of  new  prod  nets  of  cell  tiisinte^^  rat  ion  which  Im* 
come  enernstt^d  with  ehelesterin,  pi^nnent,  and  eah'inm.  Aeeonlin^r  to 
Xuunyn  the  uriginully  soft  nneli^nsnf  tljeeoinTetion  under^ioes  a  change, 
in  that  it  s^'parate.s  into  din<l,  and  into  firm,  ^rannlar  nnusses  of  pi^nuent- 
mleiuin  and  ervHtals  of  eholesterau  whieh  are  deiK>Hite(l  upon  the  outer 
crtLst,  su  that  the  stones  nniyat  times  contain  a  cavity  fll]i*d  with  the  tiiiid. 
In  the  course  of  time  this  cavity  may  again  be  filled  with  cholesterin  ; 
and  also  the  i»ii,nnent  and  ealciuni  in  tin*  reniainin^j:  portimis  of  the  stone 
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Fmi.  nil.— Crimt-abniM^tl  nUiw  Truui  Lbe  iiliidiJi(5r   ci»riifNitMHl  of  cAli'luttt  oxalate'  uml  |ilMMp)mi«.    Naturml 
ft(*.  111.— Tunis V erne  aecnoQ  of  iwo  smncw  fruru  Uif  hlaiMtjr.  rM*»»Hy  uut^d  U^Himr,  Mat  onnsinlliiir  of 


may  1>e  gnKlualiy  replaced  by  cholesterin.  Further,  calcium  carbonate 
may  also  be  deposited. 

The  cholesterin  nias'^si^s  fnmi  wliieh  tin*  concretions  art  formed  ar** 
derived  chietiy  fi^oui  the  disintegration  of  epitlielijil  cells;  likewise,  the 
h me  salts  cuunbiuiug  with  tdlirubin  \u^  alsc»  furnished  by  the  mucous 
meud>raue. 

Tlie  jtrinarif  ath-uH,  f/ravel,  and  Mtoften  are  als<j  comptiscnl  of  an 
organic  jjround  sulistance,  an  aUmniinnus  strcnna,  in  which  the  various 
constituents  of  the  urine  may  lH*eimn*  deposited.  According  to  location 
we  may  distinguish  calculi  of  the  kidney  and  those  i^f  tin*  tleseendin^ 
arinary  jJikssiii^res,  In  the  kidneys  the  deposits  may  form  *ndy  smid! 
I^iiuiutes  lying  in  the  tissue  its**lf,  or  in  pail  als^i  free  in  the  lurnt^i  of 
the  urinary  tidmles,  in  the  latter  jilaee  lying  in  the  protbicts  derivcil 
innn  the  disinlegration  <>f  neerotic  ejdthelial  cells.  This  is  true  in  the 
iirst  pla**e  of  tlie  calcihcations  whieh,  as  mentioned  above,  ot'cniMn  the 
necrosed  renal  epithelium  after  jKUsiming  with  ciirrosive  suldimate,  bis- 
mittJi,  aloin,  copper-SiUt.s,  iodine,  phospliorus,  |»ota.ssinm  chronmle,  and 
oxalic  acid.  The  ssime  thing  is  true  of  sofin*  of  the  gonty  ileposits. 
FiliaUy,  beiougs  here  the  sO'CLtlled  tttirarhf  ittfitrrt  of  the  tww-buni,  a  con* 
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dition  characterized  by  the  appearance  of  yellowish-red  stripes  in  the 
medullary  pyramids.  The  condition  is  not  infrequently  seen  in  children 
dying  during  the  first  five  weeks  after  birih.  The  epithelium  of  the 
tubules  is  usually  well  preserved,  but  in  places  desquamation  and  disin- 
tegration of  single  cells  may  be  found.  The  lumina  of  the  tubules  are 
filled  with  very  small,  colorless  or  yellow  gmnules  of  urates  oruri<5  acid, 
which  at  times  show  fine  radiating  lines  (Fig.  109,  h).  On  solution  of 
these  granules  a  delicate  stroma  i*emains  (c).  If  as  the  result  of  the 
presence  of  the  infarct  further  changes  in  the  epithelium  of  the  tubules 
are  produced,  leading  to  the  formation  of  albumi- 
nous material  in  the  tubules,  single  granules  may 
under  certain  conditions  develop  through  accretion 
into  large  stones,  but  this  occurrence  is  rare. 

In  the  pelvis  of  the  kidney,  ureters,  urinary 
bladder,  urethra,  and  under  the  prepuce  concre- 
tions may  be  formed,  either  as  sand,  gravel,  or 
stones.  The  last-named  are  oval  or  sphericsil,  and 
may  be  smooth  or  rough  and  nodular,  not  infre- 
quently resembling  a  mulberry  or  mass  of  coral 
(Figs.  110  and  111).  When  several  stones  lie  close- 
ly together,  their  surfaces  may  become  faceted 
(Fig.  111).  Those  found  in  the  kidney  pelvis 
may  form  casts  of  the  cavity  and  of  the  calyces. 

When  examined  in  section,  urinary  calculi  are 
sometimes  homogeneous,  at  other  times  distinctly 
stratified  (Fig.  Ill)  or  show  radiating  lines.  Not 
infrequently  there  may  be  seen  a  nucleus  and 
several  zones  of  different  appearances.  The  crys- 
talline masses  lie  partly  in  the  spaces  of  the 
stroma,  and  partly  in  the  latter  itvself ;  and  it  may, 
therefore,  be  a.s8umed  that  the  stroma  is  a  product 
of  the  mucosa  of  the  urinary  piissages,  and  that 
its  formation  follows  catarrhal  inflammations  or 
toxic  necroses  of  epithelium  when  the^se  lead  to  the 
collection  of  mucus  or  cell -detritus  in  the  tubules. 

What  subvStauces  are  deposited  in  a  given  case 
in  the  products  of  the  mucous  membrane  dei^ends 
upon  the  existing  conditions.  When  the  condi- 
tions favoring  stone- formation  an*  lussociated  with 
a  uric-acid  diathesis,  or  if  the  excretion  of  uric- 
acid  salts  by  causing  tissue-necrosis  has  at  the 
same  time  produced  the  conditions  favoring  the 
development  of  concretions,  the  deposits  in  the 
organic  ground -substance  will  consist  chiefly  of 
urates.  Decomposition  of  the  urine  with  forma- 
tion of  ammonium-magne^^inm  j>hosphates  Ic^ads  to  the  production  of 
calculi  consisting  chiefly'  of  this  substance.  C>'stin  calculi  may  be 
formed  when  cystin  is  excreted  by  the  kidneys,  as  the  result  of  pe- 
culiar metamorphoses  of  albumin  in  the  intestine,  due  to  the  action  of 
bacteria  (Baumann,  von  ITdransky,  Hrieger),  When  once  a  stone  is 
fonned,  the  irritation  which  it  causes  u[)on  that  jiortion  of  the  mucous 
membrane  with  which  it  comes  in  contact,  as  well  tus  the  decomposition 
of  the  ret4iined  urine,  favors  its  further  growth  by  jiccretion.  Likewise, 
foreign  bodies  (Fig.  112),  which  have  in  any  way  entered  the  bladder 


Fio.  112.  —  Incrusted  lead- 
pencil,  12 cm.  lonR,  taken  from 
tbe  male  urinary  bladder. 
Ileduced  A. 
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from  without,  m^Lj  lead  to  the  formation  of  calcvUy  through  the  irritation 
which  they  excite  in  the  mucous  membrane  of  the  bladder. 

Intestinal  calculi  are  much  more  common  in  horses  and  cattle  than  in  man ;  since 
undigested  vegetable  material  and  hairs  which  have  been  licked  off  are  of  frequent  oc- 
currence in  the  intestinal  canals  of  thdse  animals  and  form  the  starting-point  of  such 
concretions.  The  true  stones,  which  occur  especially  in  hoi-ses,  are  rather  hard  masses 
consisting  chiefly  of  niagnesium  phosphate;  the  false  stones  consist  of  hairs  and  vege- 
table fibres  which  are  more  or  less  encrusted.  Occasionally  balls  are  found  which  con- 
sist almost  whollv  of  hair  {(fgtiffi'ojnli  or  bezotir  stones).  In  ruminating  animals  they  are 
found  chiefly  in  the  rumen  or  reticulum ;  in  hogs,  more  f requentlv  in  the  small  intestine. 

According  to  Schuberg,  the  enteroliths  of  herbivorous  animals  consist  chiefly  of  car- 
bonates; those  of  carnivorous,  of  phosphates.  The  composition  of  those  found  in  man 
varies  according  to  the  fomi  ingested. 

Urinary  calculi  are  classified  according  to  their  composition  as  follows: 

1.  Calculi  ci/mpased  chiefly  of  unc  acid  or  v  rates. 

Pure  vric-acid  calculi  are  usually  small,  vellow,  reddish,  or  brownish  in  color,  and 
hard. 

Stones  consisting  of  urates  are  mrely  pure.  They  are  usually  covered  on  the  surface 
with  a  coating  of  calcium' oxalate  and  ammonium-magnesium  phosphate. 

2.  Calculi  C4tjnj)osed  chiefly  of  phosphates  and  carbonates. 

To  this  class  belong  stones  composed  of  calcium  pJiosphate,  ammonium-magneHum 
phosphate,  and  calcium  carbonate.  The  last  two  varieties  are  rare.  All  these  calculi  are 
white  or  grayish -white.  The  triple  phosphate  stones  are  soft  and  friable,  the  others 
hard. 

8.  Stones  composed  of  calcium  oxalate. 

These  are  hard  and  rough,  and  of  a  brown  color. 

4.  Cystin  calculi. 

These  are  soft,  waxy,  and  of  a  brownish  yellow  color. 

5.  Xanthin  calculi. 

These  are  cinnabar-red  in  color,  smooth,  and  have  an  earthy  fracture. 

Ebstein  and  ^'icolaier  succeeded  in  experimentally  producing  urinary  calculi  by  feed- 
ing animals  with  oxamide,  an  ammonium  derivative  of  oxalic  acid.  The  greenish-yellow 
concretions  thus  produced  in  the  urinary  passages  of  dogs  and  rabbits  consisted  essen- 
tially of  oxamide ;  on  section  they  presented  a  concentric  laminated  structure  showing 
radiating  striations.  They  were  found  likewise  to  possess  an  albuminous  stroma,  which 
was  derived  from  the  necrosis  and  desquamation  of  epithelium  caused  by  the  action  of 
the  oxamide  during  excretion. 
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XIV.  The  Pathological  Forinatioo  of   Pigment* 

g  6ft.  Both  Cull  lief 'live  a  nil  i/i>itlhdiiil  fissii«'s  in  variniis  parts  of  the 
hiHly  conhiin  nonuully  an  autochthonous  pigment,  which  iun  irithin  the 
crHn,  :iud  cotisisis  cit!icr  of  yellow,  biuwii,  nr  black  ^^nitiiiles,  or  tVirms  a 
difl'use  yel l<nv  or  hrn w ii  cohrratioii  ol'  the  cells,  Tbe.sc  autochthonous  pig- 
ments arc  known  as  melanin^  lipochrome, 
and  hcemofuscin.  iu  the  epithelial  tis- 
sues the  iii^nient  is  found  p^i-i'tieuiarly 
ill  the  !i>wcst  layers  of  the  retc  Mulpighii, 
wliich  c^jntaius  jiij^iaent  in  all  the  pij^- 
ineiited  |>ortions  of  the  skin,  also  in  the 
hairs,  in  the  pi^nn^nt-cpitiielinin  of  the 
retina,  and  in  niany  j^an^d ion  cells.  In 
the  pigment -eel  Is  of  the  skin  the  granules 
are  chielly  yelhnv  and  brown;  in  the  epi* 
theliuin  ui'  the  retina  they  are  black.  Iu 
marked  pi^nnentation  of  the  8k in  other  I  ^tt) 
cells  besides  (hose  of  the  rete  Malpi^hii 
contain  pij^mciit.  Anionic  the  connccti\'e' 
tiasue  cells,  wiiich  most  frequently  con- 
tmu  yellow  or  brown  pi^ineiiti^rannlcs,  I  U^  -^Jl' 
are  the  cells  u£  the  choroid,  sclera,  co- 
rinm,  heart-muscle,  niusenbiris  of  the  in- 
testine, and  }da. 

The  normal  autochthonous  pigments 
may  be  increased  under  various  idiysiob 
o^ical  and  patludo|jrical  conditions.  For 
exanii)le,  durittg  pvffftunieij  the  impnent  t?/ 
the  ,skin  w  nmtalfy  mme  or  irnH  htereamd 
(eMmmtia  ittfrifinm),  particularly  in  lu'U' 
nettes.  In  Addisoit\H  dismti(%  a  general 
disease  leadiii^^  to  cachexia  and  which  is 
dei»endcnt  npou  pathtdogieal  conditions 
of  the  adrenals  (s«Mi  ^  iJiJ  j,  there  cu'cnrs  a 
decided  pigmentation  of  the  skin  as  a  re-      jr„j  ii-t. 


suit  ol  an  incrcas4>  ot  the  normal  piKim^nl.    oviti.hi  burt  mvi 
Not  inlrequentlv  spots  ot  a  bronze  ctdur  sinmia.ira.    (Afu^r 


-Lttrtfu  littlry  pi|ifiij<:nU^I  mole 
liiifl  biiUiM'ICji,  wUli  scjitt^nwl 
initHtl<»ti    over    Xmak   «nd 
eT  ItObiing.) 

appc^ar  in   the  mucous  memltranes  of  tlie 

mouth.     P^nrther,  in  atri^phic  tHUiditi(uis  of  the  hearfc  there  is  usually  an 

inci'ease   of  the  normal  heart-pi f/taent      Yellow   pigment-granules   also 
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appear  in  the  voluntary  muscles  in  conditions  of  atrophy ;  and  in  old  per- 
sons the  smooth  muscle  of  the  intestine  always  contains  more  or  less  of  a 
yellow  granular  pigment,  so  that  sometimes  the  outer  surface  of  the  in- 
testine may  show  a  yellow  or  yellowish-brown  coloration. 

The  most  intense  grades  of  pathological  pigmentation  are  met  with 
in  freckles,  lentigines,  pigmented  moles  (Fig.  113)  Sbud  pigme7Ued  icarts,  and 
in  black  melanotic  tumors  (see  Chapter  VIII,).  The  amount  of  pigment 
may  be  so  great  as  to  give  the  tissues  a  pure  black  color. 

The  pigment  lies  for  the  greater  part  inside  of  tissue-cells  (chromato- 
phores),  more  rarely  in  the  intercellular  substance.  It  is  composed  of 
yellow,  brown,  or  black  granules;  not  infrequently  individual  cells  may 
be  diffusely  pigmented.  In  Addison's  disease  the  pigment-granules  are 
found  paitly  in  epithelial  cells,  especially  in  those  lying  directly  upon 

the  connective  tissue  (Fig.  114, 
a      /        -   ^^  r  A,   a,   ft,  and  B,  a),  and  parfc- 

/  ly  in  branched  connective-tis- 

'   A  ^       sue  cells    (A,   c,  c„  d),    from 

•v?il;f  .         ,^  which  pigmented  processes  ex- 

V\  .    *■"         ,/  tend  up  between  the  epithelial 

^\  cells  (B,  c). 

•^"^  ,_         .-—  •  111  the  pigmented  spots  of 

"^  ^  the  skin  and  in  melanotic  sar- 

comata the  pigment  is  partly 
contained  in  esi)ecially  differ- 
entiated connective-tissue  cells 
of  large  size,  and  partly  in  ap- 
}.  parently  normal   cells   of   the 

given  tissue,  very  often  in  the 
connective-tissue  cells  in  the 
neighborhood    of    the    vessels 

no.  n4.—^,aodB,  Pigmented  cells  of  the  skin  from  ^„a    i..   4.u^  ^^ii«   ^c  *u^ ^  i 

a  case  of  Addison's  disease  with  caseous  tubeifuloris  of  and   in   the  CellS  Of  the  veSSCl- 

botli  adrenals.    (Alqpbol,  carmine.)    a.  Pigmented  epi-  wall«^ 

ttielium  cells  from  the  deepest  layer,  in  a  se<tlon  cut  at  "»*«% 

right  angles  to  the  surface.    A,  h.  Pigmented  epithelial  In     the     gailfflion-cells     the 

cells  from  a  section  made  parallel  to  the  surface.    B, />,  ^,'.«,„.v«4.  4^  ^r zL^^^i    .r   i    ^ 

E^tbelial  cells  containing  no  pigment;  c,c„  nucleated  pigment  IS  composed  Of    brOWll 

pigmented  connective-tissue  cells,  the  processes  of  which,  crm  nn  1  pa 

in  B,  push  between  the  epithelial  cells;   d,  pigmented  g*<»"i"^- 

oeu-processes.   X  850.  The  pigments  just  described 

are  products  of  a  specific  ceU- 
activUy^  and  we  must  suppose  that  many  connective-tissue  cells,  gan- 
glion-cells, and  muscle-cells  are  able  to  form  pigment  from  the  material 
brought  to  them.  In  the  majority  of  cases  the  pigment  appeai-s  to  be 
formed  in  the  places  where  it  is  found ;  yet  different  investigations  make 
it  probable  that  the  pigment  may  at  times  be  ti-ansported.  The  pig- 
ment of  the  epidermis  and  of  the  hairs,  at  least  in  part,  is  not  form^ 
in  the  epithelial  cells  themselves,  but  in  branched  connective-tissue  cells 
(Fig.  114  A,  c,  d,  and  B,  c)  which  lie  just  beneath  the  rete,  and  send 
processes  between  the  epithelial  cells,  through  which  the  pigment  is 
transferred  to  the  latter. 

The  fact  that  the  pigment  is  often  found  particularly  about  the  blood- 
vessels would  seem  to  indicate  that  the  material  from  which  it  is  formed 
is  derived  from  the  blood,  and  many  authors  accept  without  question  the 
view  that  the  pigment  is  a  derivative  of  the  coloring-matter  of  the  blood. 
Against  this  view  is  the  fact  that  neither  in  the  blood  nor  in  the  neigh- 
borhood of  the  blood-vessels  are  there  present  evidences  of  an  escaiM?  of 
the  red  blood-oells  or  of  a  disintegration  and  solution  of  the  same.     It 
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is,  therefore,  very  probable  that  the  pigment  is  formed  either  from  the 
circulating  albumin  or  from  the  albumin  of  the  cells. 

The  attempt  has  been  made  to  solve  this  problem  by  means  of  diemi- 
cal  investigations ;  and  the  results  obtained  up  to  the  present  time  favor 
the  theory  that  the  pigment  is  a  product  of  cell-activity,  and  is  formed 
from  albuminous  bodies.  The  different  forms  of  melanin,  in  which 
group  the  pigments  of  the  skin  and  choroid  are  usually  placed,  are,  ac- 
cording to  the  investigations  of  von  Kencki,  Sieber,  Abel,  Davids,  and 
Schmiedeberg,  nitrogenous  bodies  rich  in  sulphur,  but  vary  greatly  in 
composition.  According  to  Schmiedeberg  these  differences  depend  upon 
their  mode  of  origin,  inasmuch  as  these  pigments  represent  the  final  prod- 
uct of  a  long  series  of  metamorphoses  of  albumin  ;  and  in  their  formation 
may  be  compared  to  the  development  of  humus.  The  genuine  albu- 
minous bodies  do  not  furnish  the  material  for  the  building  up  of  this 
final  product  (Schmiedeberg),  but  it  is  derived  from  sulphur-containing 
bodies  formed  by  the  splitting-up  of  the  albumins,  and  from  which  cer- 
tain carbon-containing  groups  have  already  been  split  off,  so  that  there 
arise  combinations  which  in  proportion  to  their  carbon-content  are  veiy 
rich  in  sulphur,  and  from  these  the  melanins  are  formed. 

Iron  may  be  present  in  small  amounts  in  masses  of  melanotic  pig- 
ment, but  is  usually  absent  and  is  not  necessary  to  the  production  of 
melanin. 

In  the  case  of  a  very  abundant  formation,  melanin  may  be  excreted 
in  the  urine. 

Lipochrome  is  the  term  applied  to  the  coloring-matter  of  adipose 
tissue,  corpora  lutea,  ganglion-cells  (Rosin),  and  of  the  greenish  tumors 
known  as  chloromata  (Krukenberg).  Of  the  origin  and  nature  of  this 
pigment  nothing  definite  is  known. 

Heemofuscin  (von  Recklinghausen,  Goebel)  is  the  iron-free,  yellow- 
ish granular  pigment  found  in  heart-muscle,  smooth  and  striped  muscle, 
in  the  cells  of  the  glands  of  the  stonuich  and  intestine,  in  the  lachrymal, 
mucous,  and  sweat  glands,  the  seminal  vesicles,  and  adrenals.  Accord- 
ing to  von  Recklinghausen,  this  i)ignient  is  derived  from  the  blood,  but 
it  has  not  yet  been  establishe<l  that  it  is  a  ha^nioglobin-derivative.  The 
sulphur-content  (Rosenfeld)  makers  it  not  unlikely  that  the  hajmofuscin 
granules  belong  to  the  melanin  group.  It  is  a  striking  fact  that  when 
treated  with  **  fat-stains"  the  haemofuscin -granules  are  found  to  be  fat - 
containing  just  as  lipochrome  stains  jis  fat  (Lubarsch). 

According  to  voii.  Kolliker,  **the  pi«^mcnt  of  the  hair  aud  epidermis  is  derived 
from  pigmented  connective-tissue  cells  which  lie  just  beneath  the  deepest  layers  of 
the  epithc'lium  of  the  liair-bulbs  and  of  the;  rete,  and  send  processes  between  the  del- 
icate cells  of  these  layers.  These  processes  divide  into  long  fine  ramificatioDS  which 
lie  in  the  intercellular  spaces  and  may  even  penetrate  into  the  cells  themselves, 
and  in  this  way  transfer  their  pigment  to  the  latter."  The  pigment  of  the  ganglion 
cells  and  of  the  cells  of  the  retina  arisc's,  on  the  other  hand,  in  the  ectodermal  cells 
themselves.  Jlieltl&m\  Ehrmann  agree  with  von  Kolliker.  A'ar^  observed  that,  follow- 
ing the  transplantation  of  white  skin  on  to  the  surface  of  a  leg-ulcer  in  a  negro,  the 
white  grafted  portions  became  wholly  black  in  from  twelve  to  fourteen  weeks;  and  he 
concludes  that,  in  the  pigmentation  of  the  epidermis,  pigmented  connective- tissue  cells 
penetrate  between  the  epithelial  cells  aud  convey  pigment  to  the  latter.  Microscopicral 
examination  showed  the  presence  of  such  pigmented  processes  between  the  epithelial 
cells  at  a  time  when  the  latter  had  not  yet  become  pigmentt^d.  Von  Wild  has  shown 
that  in  melanosjircomata  of  the  skin,  pigmented  connective-tissue  cells  may  penetrate 
between  the  epithelial  cells.  Similar  j)igmented  connective-tissue  cells  are  found  in  the 
pigmented  portions  of  the  skin  or  mucous  membranes  in  cases  of  Addison's  disease, 
usually,  however,  in  certain  areas  only  and  not  everj'where. 

IListological  studies  of  the  mode  of  formation  of  the  normal  pigment  in  various 
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animals,  chiefly  in  fishes,  amphibia,  and  reptiles,  have  led  to  different  conclusions. 
Thus  Jarisch  is  of  the  opinion  that  the  pigment  of  the  skin  and  teeth  of  tadpoles  is  not 
derived  from  the  blood,  but  is  a  product  of  the  protoplasm,  while  List,  on  the  other 
hand,  believes  that  the  pigment  of  the  skin  of  fishes  and  amphibia  is  formed  from 
haemoglobin.  Ehrmann  holds  that  the  melanotic  pigment  of  all  vertebrates  is  a  hajmo- 
glob in-derivative.  According  to  Kromayer,  the  pigment  of  the  skin  of  mammals  is 
derived  from  the  protoplasmic  fibrillae  of  epithelial  cells  and  represents  a  degeneration- 
product  of  the  same. 

According  to  von  Fiirth,  neither  sulphur  nor  iron  is  necessary  to  the  formation  of 
melanin.  The  melanin-molecule  contains,  however,  active  atom-groups  which  enable 
it  to  combine  with  certain  complexes  rich  in  sulphur  or  iron.  Tne  investigations  of 
Bertranil,  Biedermannf  Schneider,  vonFiirth^Gessardf  and  others  make  it  very  probable 
(von  Fiirth)  that  the  formation  of  melanotic  pigment  depends  upon  the  action  of  an  ox- 
idative ferment  (tyrosinase)  upon  tyrosin  or  other  hydroxylizea  substances  of  an  aro- 
matic nature.  In  the  abundant  formation  of  melanin  in  tumors,  melanin  or  melanogen 
may  be  excreted  in  the  urine,  so  that  this  at  the  time  of  discharge  is  black  or  gradually 
becomes  black  when  exposed  to  the  air  and  light. 

According  to  Spiegler,  the  results  of  the  chemical  investigation  exclude  the  deri- 
vation of  melanin  from  hamatin.  He  has  also  demonstrated  the  existence  of  a  white 
chromogen  which  is  the  cause  of  color  of  white  sheep's  wool  and  of  gray  hairs. 

In  domesticated  animals  there  occurs  a  peculiar  melanosis  off  the  Internal 
organs,  occasionally  associated  with  melanosis  of  the  subcutaneous  tissue.  The 
affected  organs  (heart,  lungs,  intestines,  etc.)  present  in  varying  numbers  grayish  or 
black  spots,  looking  like  ink-spots,  which  are  produced  by  tne  deposit  of  pigment  in 
connective- tissue  cells  which  otherwise  appear  normal. 

Under  the  term  ochronosis  off  cmrutagtf  Virchow  described  a  peculiar  iron-free 
pigmentation  of  cartilage,  in  which  the  different  cartilages  of  the  body  show  a  brown 
or  black  color.  Besides  the  cartilages,  the  tendons,  capsules  of  the  joints,  the  perios- 
teum, and  intima  of  the  aorta  and  the  heart  may  show  black  spots.  The  pigmen- 
tation is  dependent  in  part  upon  a  diffuse  imbibition  of  the  tissue  and  in  part  upon 
the  deposit  of  iron-free  brownish  granules  in  the  cells  and  ground-substance.  The 
cartilage- tissue  shows  at  the  same  time  retrograde  changes,  fibrillation,  and  softening. 
The  pigment  probably  belongs  to  the  group  of  melanins.  During  life  the  urine  may 
have  a  brown  or  black  color.  The  condition  has  nothing  to  do  with  alkaptonuria 
(Langslein). 
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Tietze:   Beobacht.  an  einem  Falle  v.  Melanosarkom  mit  Melanurie,  Cassel,  1894. 

Virchow:  Allgem.  Ochronose  der  Knorpel  u.  knorpeliihnlichen  Theile.  Virch.  Arch., 
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§  70.  Haematogenous  pigments — that  is,  the  pigments  whose  origin 
from  the  coloring -nutiter  of  the  blood  may  he  demomtrated  beyond  any  doubt 
— are  derived  usually  from  blood  which  has  escaped  from  the  blood-ves^ 
sels,  or  has  undergone  coagulation  within  the  vessels,  and  are,  thereforfe, 
dependent  upon  local  changes.  In  other  cases  they  may  be  cansed  by  a 
taking-up  of  blood-i)igment  into  the  blood  or  by  a  change  in  the  blood 
itself,  whereby  granular  pigment  is  either  formed  in  the  blood,  or  hsBmo- 
globin  passes  into  the  blood-phisma,  so  that  pigmentation  of  the  tissues 
results  from  metastatic  deposits  of  pigment.  Such  pigmentations  are  known 
a^  hsemachromatoses. 

Both  large  and  small  extravasates  of  blood  very  soon  undergo  cer- 
tain changes  which  are  visible  to  the  naked  eye.  Extravasates  in  the 
skin  Ix^conie  first  brown,  then  blue,  followed  by  green,  and  finally  yel- 
low. Small  hiemorrhages  into  the  tissues,  as  in  tiie  peritoneum,  pleura, 
and  lungs,  may  show  for  a  long  time  lus  reddish-brown  spots;  in  de- 
composing e-adavers  their  color  may  be  slate-colored  or  black.  Large 
hfemorrhages  into  the  tissue,  as  in  the  brain  or  lungs,  assume  after  a  cer- 
tain time  a  rust-brown  color,  which  later  changes  to  an  ochre-yellow, 
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yellow,  yellowish- brown,  or  brown  pigmentation.  All  these  changes  of 
color  correspond  to  certain  changes  in  the  hsemoglobin  and  in  the  iron 
which  it  contains. 

Whenever  a  haemorrhage  occurs  in  the  tissues  or  into  a  body-cavity, 
a  certain  portion  of  the  blood-plasma  and  of  the  red  blood-cells  may  be 
taken  up  unchanged  through  the  lymph-vessels.  Another  portion  of  the 
corpuscles  gradually  loses  its  haemoglobin,  the  pale  stroma  of  the  corpus- 
cles remaining.     The  escaped  hceinbglobin  diffuses  through  the  surrounding 

tissues,  and  from  it  there 

are  formed  the  different 

products  which  give  rise 

to  the  changes  of  color  in 

the  neighborhood  of  the 

extravasate.      A  part  of 

the  absorbed  haemoglobin 

may  be  excreted  as  urobi- 

4rk^     /^^^        0  ;jv      /  'A^gvg^-       li7i  {urobUinuria) ;  another 

,  g*#**     5^pf        0^^         ^^^^"^H^  part,  on  the  other  hand, 

%  ;/      '"^'^  may  be    precipitated   in 

the  tissues  in  the  form  of 

Fio.  lUi.—A,  Cells  containing  amorphous  blood-pigment;  a,  crraniilAsnrpr\7at5ila       Thp 

tboee  with  few  large  fragments  of  red  blood-cells;   b,  c,  those  granules oi  ci>»UilS.       xne 

containing  great  numbers  of  small  disintegration-products  of  red  latter  are  veUo\cish-red  (yr 

blood-cells;    B,  rhombic  plates   and  needles  of  luematoidin.  ,          j     i       r*       i  ^            i 

X  soo.  ruby -red  rhombic  plates  and 

needles  of  haeniatoidin  (Fig. 
115  B) ;  and  represent  a  frequent  residuum  of  haemorrhages.  A  portion 
of  the  diffused  hsemoglobin  may  also  be  taken  up  by  cells,  the  latter 
thereby  acquiring  in  part  a  diffuse  yellowish  pigmentation,  or  in  part 
showing  the  presence  of  yellow  and  brown  pigment-granules. 

A  tSird  portion  of  the  blood-corpuscles  disintegrates  at  the  site  of 
the  extravasation,  and  forms  yeUow  and  brown  granules  and  lumps.  The 
pigment-granules  and  lumps  which  arise  either  directly  f  i-om  the  disinte- 
gration of  red  blood -corpuscles,  as  well  as  the  crystals  and  granules  pre- 
cipitated from  the  dissolved  haemoglobin,  are  often  taken  up  by  cells, 
partly  leucocytes  and  partly  cells  derived  from  i)roliforating  tissue;  and 
these  form  the  so-called  blood-corpuscle  cells  and  pigment-containing  cells 
(Pigs.  115,  A,  and  116,  a,  b). 

At  the  beginning  of  the  disintegration  of  the  red  corpuscles  the  color- 
ing-matter present  is  haemoglobin,  but  this  quickly  undergoes  changes; 
and  the  yellow  and  rusty  masses  and  granules  which  are  found  both  in  the 
cells  and  lying  free,  and  which  become  changed  in  the  course  of  time  into 
darker  pigment,  are  no  longer  haemoglobin  itself,  but  represent  different 
derivatives  of  haemoglobin.  According  to  their  chemical  composition 
these  derivatives  may  be  divided  into  two  groups,  one  iron-free,  the  other 
containing  iron.  The  former  is  known  as  luematoidin,  the  latter  as  hwmo- 
siderin  (Neumann). 

Haematoidin  (identical  with  bilirubin)  is  a  ruby-red  (Fig.  115,  B)  or 
reddish -yellow  (Fig.  116,  b)  pigment  occurring  either  in  crystalline  form, 
or  as  granules,  which  may  be  amorphous,  but  often  show  a  somewhat 
angular  shape  (Fig.  116,  ft),  suggesting  rudimentary  and  impei-fect  crys- 
tals. Haematoidin  is  soluble  in  chloroform,  carbon  disulphide,  and 
absolute  ether ;  and  insoluble  in  water  and  alcohol.  It  would  appear  to 
be  formed  especially  when  haemoglobin  is  but  slightly  exposed  to  the 
action  of  living  cells,  Jis  is  especially  the  case  in  the  centre  of  large  ex- 
travaaates  and  in  haemorrhages  into  the  body-cavities,  as,  for  example. 
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into  the  pelvis  of  the  kidney  or  the  subdural  space.  It  may  be  pro* 
duoed  artificially  by  the  introduction  of  glass  capsules  contaiuing  blood 
beneath  the  skin  or  into  the  peritoneal  cavity  in  such  a  way  that  the 
blood  within  the  capsules  may  be  exposed  to  the  action  of  the  tissue- 
fluids  but  not  of  the  cells. 

The  granules  and  crystals  of  hsematoidin  are  found  in  the  tissues 
either  free  (Fig.  115,  B),  or  enclosed  in  cells  (Fig.  116,  b).  In  the  lat- 
ter case  the  granules  and  crystals  are  usually  taken  up  by  phagocytes 
after  they  have  been  formed ;  though  occasionally  it  may  happen  that 
the  hsBmatoidin  while  in  solution  is  taken  up  by  fixed  connective-tissue 
cells,  for  example,  cartilage  or  fat-cells,  and  then  precipitated  in  solid 
form. 

Hasmosiderin,  the  derivative  of  the  red  blood-cells  which  contains 
iron  in  demonstrable  quantity  microscopically,  is  usually  found  in  the 
tissues  as  yellow,  orange,  and  brown  granules  and  lumps  which  become 
darker  in  the  course  of  time.  They  are  for  the  greater  part  contained 
within  cells,  and  in  part  are  formed  within  the  cells. 

When  treated  with  potassium  ferrocyanide  and  dilute  hydrochloric 
acid  htemosiderin  becomes  deep-blue  through  the  formation  of  Berlin 
blue  (ferric  oxide  salt  of  hydroferrocyanic  acid)  (Fig.  116,  a).  When 
treated  with  ammonium  suiphide  there  is  formed  a  black  sulphide  of 
iron. 

Htemosiderin  appears  to  be  formed  particularly  (Neumann)  when  the 
blood  in  an  extravasate  or  in  a  thrombus  is  subjected  to  the  action  of 
cells;  and  it  is  consequently  seen  more  frequently  in  small  extravasates 
and  at  the  periphery  of  larger  ones.  The  formation  of  htemosiderin  may 
take  place  either  within  the  cells  or  free  in  the  tissue.  The  pigment  en- 
closed within  cells  (sideroferous  cells)  may  have  been  formed  from  the 
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Fig.  116.— Cells  rontalnlnp  hiemosldeiin  and  hfiematoidln  from  an  old  btemorrluMrfc  focus  In  the  brain. 
(Alcohol,  Berlin-blue  n^iiction.)  a,  C:ell8  ci)nt4ilainK  htpmosiderin ;  />,  cells  contafninff  haematoidin ;  c,  fal- 
grranule  cells  which  have  become  clear ;  lU  newly  formed  connective  tissue.    X  800. 

remains  of  disintegrated  red  blood-cells  which  have  been  taken  up  by 
the  cells,  or  from  dissolvtHl  hienioglobiii  which  has  been  absorbed  by  the 
cells.  In  favor  of  the  latter  mode  of  formation  is  the  diffuse  yellow  color 
seen  in  both  wandering  and  fixed  cells,  which  becomes  blue  when  the 
Berlin-blue  reaction  is  applied.  Further,  when  hjemoglobin  is  excreted 
through  the  kidneys,  iron -containing  pigment-granules  form  in  the  renal 
epithelium;  and  moi-eover  fixed  cells,  as  cartilage-cells,  for  example. 
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which  could  hardly  be  supposed  to  act  as  phagocytes  and  take  up  frag- 
mento  of  red  cells,  often  contain  granules  of  hflemosiderin,  even  when 
lying  outside  of  the  immediate  neighborhood  of  the  extravasate. 

'Die  free  pigment  and  the  pigmented  cells  cause  a  distinct  pigmenta- 
tion of  the  extravasate  and  its  immediate  neighborhood.  The  pigmented 
cells  soon  pass  into  the  lymph-vessels  and  a  metastams  of  Hie  pigment  takes 
place,  as  a  result  of  which  the  pigment  is  found  in  the  lymph-vessels  and 
their  neighborhood,  and  in  the  lymph-glands  where  it  is  found  first  in  the 

free  cells  of  the  lymph - 
sinus  (Fig.  117  ).  Later 
it  may  be  taken  up  by 
the  fixed  tissue-cells.  In 
the  course  of  time  the 
hsBmosiderin  is  de- 
stroyed and  disappears. 
The  view  which  is  held 
by  many,  that  hsemosi- 
derin  is  changed  into  a 
black  melanin,  is  not 
supported  by  the  actual 
facts.  The  brownish- 
black  granules  in  the 
lungs,  which  have  been 
explained  as  due  to  such 
a  change,  are  found 
through  high  magnifica- 
tion (Neumann)  to  consist  of  one  or  several  minute  particles  of  carbon 
surrounded  by  a  coating  of  hsemosiderin. 

If  hflemosiderin  is  brought  into  contact  with  hydrogen  sulphide  it  be- 
comes black ;  and  as  the  result  of  such  reaction  there  may  be  produced 
in  the  cadaver  black  and  green  spots  or  a  more  diffuse  discoloration, 
which  are  known  as  pseudomelanosis.  It  is  observed  most  often  in  the 
intestine,  peritoneum,  and  in  suppurating  wounds,  since  in  these  regions 
hydrogen  sulphide  is  more  likely  to  be  formed  in  the  course  of  putrefac- 
tion. 


Fio.  117.~Accumulatlon  of  picrment-oontalnlnff  cells  In  the 
Ivmpb-glands  after  resorption  of  an  extravasate  of  blood.  (MCUler's 
fluid,  carmine.)  a«  Corneal  node;  b,  lympb-sinus ;  c,  cells  con- 
taining  pigment-granules:    X  lOQ. 


Arnold  has  recently  declared  that,  both  in  hsematogenous  and  exogenous  siderosis 
(see  §  71),  the  iran-grantdes  of  the  sideroferous  cells  (leucocytes,  connective  tissue  cells, 
hver-cells,  etc.)  are  not  iroii-granules  which  have  been  taken  up  from  without  through 
phagocytosis,  or  which  have  been  precipitated  within  the  cells,  but  arc  changed  cell- 
plasmosomes  which  have  taken  up  the  iron,  converted  it,  and  combined  it  with  them- 
selves. The  statements  made  in  the  main  text  (g§  70  and  71)  as  to  the  genesis  of  a  por- 
tion of  the  siderofcrous  cells  harmonize  with  Arnold's  view,  but  it  must  be  aflirmed 
that  a  formation  of  siderofcrous  cells  through  phagocytosis  also  occurs,  both  in  case  of 
extravasates  and  hsemachromatoses  due  to  intravascular  destruction  of  the  red  blood- 
cells. 

Pietidomelanons  is  not  produced,  as  many  authors  believe,  by  the  action  of  hydro- 
gen sulphide  upon  the  blood,  but  is  formed  by  the  action  of  hydrogen  sulphide  upon 
hemosiderin.  According  to  the  investigations  of  Zeller,  Arnold,  and  Eriut,  black  pig- 
ment may  also  be  formed  during  life,  through  the  action  of  bacteria  which  prtKluce 
hydrogen  sulphide.  Pseudomelanosis  of  the  human  ha^molymph-nodes  (  Warthin)  may 
occur  in  colon-bacillus  infections  as  the  result  of  the  action  of  H^S  in  the  blood  upon 
the  hemosiderin  deposited  in  the  glands  following  an  excessive  hiemoiysis. 
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g  71.  When  large  numbers  of  red  blood-cells  break  down  in  the 
circulating  blood,  a  portion  of  the  dissolved  hsBmoglobin  or  methsBmo- 
globin  may  pass  into  the  plasma,  or,  on  the  other  hand,  fragments  of  red 
cells  may  be  carried  about  in  the  circulation.  Such  a  destruction  of  red 
cells  occurs  to  a  marked  degree  in  poisoning  with  arsenic,  toluylendia- 
min,  potiissinm  chlorate,  and  morels;  to  a  lesser  degree  in  other  diseases, 
such  as  many  infections,  malaria,  pernicious  anaemia,  and  in  overheating 
of  the  bod3^  The  piussage  of 
haemoglobin  or  methaemoglobin 
into  the  blood-phusma  leads  to 
the  condition  of  hwmof/loMn- 
c^mia,  in  which  the  blood- 
l>lasma  is  colored  red.  When 
the  amount  of  dissolved  hae- 
moglobin in  the  blood  is  large, 
a  i)ortion  may  be  excreted 
through  the  kidneys,  giving 
rise  to  hamioglohinuria  or  nieth- 
ceinoglohinnna,  in  which  con- 
ditions the  urine  may  present 
a  bloody  appearance,  or  a  color 
varying  from  a  clear  brownish- 
red  to  a  dark  reddish -black. 
This  occurs  particularly  in  the 
casc^  of  the  fii-st- named  poisons, 
but  also  occasionally  after  the  action  of  other  injurious  influences,  as,  for 
example,  after  exposure  to  cold  (periodical  ha^noglobinuria). 

When   formed   jyrodurts    arise    from    the    disintegmtion   of  the  red 
cells,    as,  for  example,  after  extensive   burns,  they  collect  first  in  the 


18.— InOltratlon  of  the  cells  of  the  liver-rods  with 
yellow  hipnumUlerin  f^ranuU^,  from  a  case  of  pernicious 
aniiMtila.  (Osinic  ucid.)  a,  Hsemosiderin ;  ^,  cells  iu  a 
state  «»f  fatty  defeneration.     X  250. 
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capillunes  of  the  liver,  spleen,  lymph -^lamls,  and  honeniarrow,  ami  to 
a  less  extent  in  other  organs;  and  are  sooner  or  later  taken  nii  hy  c^ella 

As  the  result  of  an  iuereiised  supply  uf  ha-intigloliin  to  tht*  liver  the 
fimetional  aetivity  of  this  organ  is  iiiereased,  s(^  that  the  amtmut  ft/  Mir* 
pitjuunl  in  thr  bile  muif  he  much  (frmfrr  thnn  tiormaf ;  and  undt*r  eertuin 
e4>aditioMS  uxyliieun>gh>tjin  Jiuiy  appeiU"  in  the  l>ile  (Stern).  When  tlie 
bkKKi-destruetioa  is  very  gi-eat,  the  liver  may  not  be  able  to  dii^pose  of 
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of  Uie  portal  vein ;  rlJuUltrtiUHl  perlt»orUiJ  toiiw^'tlve  li>»u« ;  < ,  pl(n"f  ut,  lyiug  within  ibe  livt^r-twiui ;  f, 


all  the  l>lood-piginent  brought  to  it ;  and  in  eonst^quence  derivatives  of 
hsttioglobin  are  deposited,  partly  in  the  liver  and  partly  in  other  organs, 
or  may  be  in  part  excreted  liy  the  kidneys.  In  this  way  there  may  arise 
a  more  or  less  extensiv  e  haemochromatosis  of  <tiflVrent  organs,  the  cells 
of  which  show  an  oehre-yellow  iir  hro\\  a  color. 

The  derivatives  of  ha'mughilnii  d^'posited  in  this  way  are  partly  irmi- 
free  pujmrnts  and  j^artly  hwmtmtirrhi  ;  bat  the  latter  is  particularly  a 
fi"eqnent  cause  of  pigmentation  nf  tissues,  and  it  is,  therefore,  proj>er  to 
speak  of  a  pigmentation  by  ha^matoprenous  siderosis. 

Tlu*M.i  deposits  of  iron*€ontainiiig  pigmerit  are  chiefly  in  the  liver, 
where  they  appear  i)artly  in  the  form  of  yellow  gniuules  and  lumps, 
which  are  for  the  greater  part  enclosed  in  leucocytes  lying  within  thr 
liverrapillaries.  Further,  they  are  ffniudalso  in  the  form  of  fine  yellow 
granules,  which  give  the  inui  inaction,  in  the  endothelial  cells  of  the 
capillaries  (Ut  which  tlie  sli*llate  cells  of  Kupffer  l>eloug),  and  in  the 
liver-cells  (Fig.  118,  a).  In  many  disc^ases,  as,  for  exauj]>ie,  pernicious 
mahifia  or  pernicious  anaemia,  the  inajority  of  the  liver  cells  contain 
Biieh  pigment,  so  that  the  liver  through  the  prestMJCje  of  so  uinch  iron 
tttkes  o  n  a  c*h  a  raete  r  i  st  i  c  ye  1 1  o  w  ish  I  >r  oav  i  i  t*olor . 

When  large  quaotities  of  the  products  of  the  disintegratioo  of  red 
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bUxMl  rells  are  brought  to  the  li\'t?r,  they  aeeuimilate  particularly  in  the 
periptu'tiil  connective  tis*siie  and  in  the  periphery  <^^  the  acini  (Fig.  119, 
tj,  f').  The  lumps  or  gniuules  of  iron-coutiiiuini^  pignicn*  lie  either  free 
in  the  capillaries,  or  in  tiie  tissue;  or  are  eyclos*'d  within  leucocytes, 
liver-e/ells,  connective-tissue  cells,  or  the  capillary  endothelial  cells. 
The  iuliltraled  area  pr&seuts  to  the  naked  eye  a  reddish  brown,  rusty 
coh>r. 

The  iron  pigiueut  which  is  carried  to  the  spleen  is  dei>osited  chiefly 
in  the  jjulp  within  free  cells;  but  grauules  arc  also  found  io  the  tixed 
cells.  In  the  iifrnphf/lumh  tlie  iron  grauules  arc  found  chieOy  m  the  free 
ctdls  of  the  lymph 'Channels.  In  the  bone-manow  retained  lueuiosideriu 
(Fig.  120)  is  found  tm^^ly  i'l  ^^"<^  ^'^^^^  lyi'^l?  within  the  capillaries,  and 
partly  in  the  eudtitht^linni,  also  partly  in  the  marrow-cells;  the  uundier 
of  iron  cout  ail  ling  cells  may  be  very  mai'ked. 

lu  the  kidnrijH  the  hieniosidctiii  gi'auules  ai^  most  abundant  io  the 
epitheiiuni  of  the  convoiuted  tubules  (Fig.  121,  «),  but  they  are  also 
ftmnd  iu  the  hnniua  of  the  urinjiry  tubules  (/>;,  in  the  epitheiiuni  of 
Bowman's  capsule  (e\^  and  in  the  endol helium  of  the  capillaries.  If 
small  particles  of  htemosiderin  are  prescMil  in  (he  circidatiug  blood,  they 
will  usually  ije  found  in  the  kidney -%'cssels.  Wheu  haemoglobin  is  ex- 
creted by  the  kidney,  drops  of  this  substance  will  be  seen  lying  in  the 
luhules.  lu  cases  of  marked  deposit  of  ]>igmeut  the  kidney  may  tihow^  a 
distinct  pigmeutatiou  even  to  the  naked  eye. 

The  hicmosiderin,  which  is  found  in  the  diffei*ent  tissues,  has  bec^n 
brought  to  them  in  the  form  of  siuull  lumps  ur  grarudes,  and  is  contained 
chiefly  in  leucocytes.     On  the  other  hand,  auother  part  of  the  irou-giun- 
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HtPBifwrtdi^tin  dMrMTgit  (n   the  boiiP-in»miw  (mixed  fatty  nun  lymphoid  nukiTOW),  In  trteni& 
<x'il(Niiin>|,  run  Hint',  Bi'riin4>hh*  rv-iu'tJonj     >.  ill*. 


idcs  is  precipitated  iu  solid  form  within  the  ceils  from  sukstauccsbronglit 
to  ihcni  iu  soiutiou.  Siuce  tlie  cells  ( livercells,  kidney  epithelium,  en- 
dolhtOinm  of  the  blood  vessels,  and  the  {-el Is  of  the  lymiih  glands,  htuie- 
marrow,  and  spleen )  not  iufrcipiently  show  a  ditl'use  lihie  color  after  Ihc 
iroud4*st  has  hreu  applied,  the  iron  must  beditViistHl  throughout  thece!l- 
protoplasni,  and  is  pr'obid>ly  converted  later  into  the  granular  form.  It 
is  also  possible  that  the  diffuse  coloration  may  arise  in  jjart  from  a  sohi 


H.EI^IATOGEXC'/S    i'lGMENTS. 


249 


tion  of  iron  within  the  colls.  Aecoixliiig^  lo  Mm*  oUservatioiLS  of  different 
authors  it  m  assumed  tluil  l^esides  the  eulort^d  deposits  of  pigment,  (*olor- 
Ikss  granules  of  ail  irou-albumiiiate  uuiy  Ik^  prcsinit  in  tlio  eells.  This 
theory  is  si)pi>orted  by  tlie  observation  that  looie  pigtueut  gninides  are 
visible  after  the  iron  reaetion  has  been  applied,  than  eould  Ik?  seen 
before. 

The  deposit  of  iron-free  pi^mentSf  hwmaitthVn  m  hiUruhin  is  not  of 
frequent  (»eeurn*nee  in  hieninebninialtisis,  hut  orrusioiially  yellow  gran- 
uk^H  whieh  do  not  give  tlie  irwii  reaetion  \uv  found  in  the  organs  named 
rtlxive;  and  it  may,  thei-etore,  be  ikssnnied  that  the  pigment  in  \ti\v\  uiay 
be  constantly  free  from  iron. 

By  the  majority  of  au thorn  (see  0«u^f*,  loe.  dt.),  the  nmftkd  pifffjientation  of  the  akin 
wljkJi  tievelops  iu  chmnir  nrxenie  jttnmndrif/.  and  whirh  is  due  in  the  deposit  of  snmll 
yellowish  brown  pignienl  ^niiiulcs  jii  tin*  corium  and  t^piderinis  (siiidliir  t«>  the  pi>: 
mt'ntJitioD  of  Addiariri's  Oifieuw).  is  t»i  Lm^  classed  wilh  die  hfi'mc>rhrojiiatoses.  It  is  lo 
be  n;f*frred  to  tLe  degeDemiive  intlueocu  of  arseuic  upuo  tbe  bone-marrow  uiid  tiie 
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atei;  ct,  g:loiii('rulUit ;  t,  i-plthi'llmii  of  ilie  i-apsule,  iciiittiilrilitjjr  Imu'in^uulesi.    ,'  150. 

bkiod.  It  should  l>e  tiot^^^d,  liov%M?ver,  that  the  |iigment  does  not  give  the  iron  rettction. 
and  Ihttt.  iieenrdiDg  to  odier  observutious,  pigment  in  epithelium  which  is  derived  from 
hemoglobin  is  not  pernuineiit ;  ntid  tliat  no  increase*!  destrucllon  of  the  rr'd  hlnod-cellfl 
oceurs  in  Uie  atTectetl  iiidividiinlH  iMjiir), 

'I'lir  nrt^Linism  jRupplie^^  its  need  for  irtm  throutdi  the  asslitinatlon  of  ttie  Iron 
compounds  fninidin  tlie  iron  rontAiuiiig  artkles  of  food.  The  iron  <  ontained  in  the 
iron  prrpanitious  ns<'d  for  Jneditinal  purposes  is  jibsiorbed  from  the  snndl  intestine,  in 
particular  from  the  dinHlenum,  Iron  absorbed  in  excess  h  iu  part  stored  up  na  haino- 
kiderin  in  the  spleen,  Ume-marrow,  and  lymph  glands,  or  temj>orarily  in  the  liver;  timl 
ia  part  exereti-^l  dvrongh  the  liJdneys.  liver,  and  lar^a*  inttNsiine. 

In  malaria  titif  intjutfHtH  are  forlned  as  a  residt  of  the  destruetictn  of  the  red  cells  hy 
the  malarial  tmrasite.  One  of  these  is  formed  by  the  malarial  plasmoilium  its<-lt  is 
ccmtjiined  within  the  parasite,  in  bhick,  and  gives  no  iron  reaction,  Its  nature  is  not 
known. 

The  second  pigment  is  lijemomdedn.  which  passes  into  the  hlnodplasma  as  the  re* 
suit  of  the  destnuiioh  of  the  red  l>lood  cells,  and  is  deposited  in  the  over,  spleen,  and 
honr-marniw.  In  (rases  of  marked  desi  ruction  of  the  hIo<id  thi'fe  may  ocour  also  a  aide 
^mi«  r»f  the  kidneys  (Fig.  131).  and  an  exciclion  of  iron  in  the  urine. 

The  f/trffi  mtlftr  rrhicJi  itt  tJiff^rrtti  in  iht  neifffiJutrbmHi  of  UU»Ht-t'ontmninfj  rfttMeln  in  (tr- 
emnp(mng  eadaccm  la  to  tie  referred  to  a  fortiititiou  of  sulphur  inetUivmogiohiu  through 
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the  action  of  HiS  on  oxyhemoglobin  (Happe-Seyler,  Harnack),    In  the  absenoe  of  ozj* 
gen,  sulphur-hsemoglobin  is  formed,  which  possesses  a  dark-red  color  {Haimack\ 
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§  73.  Icterus  or  jaundice  is  a  pathological  pignieiitatioii  of  the  tissueH 
due  to  the  irresence  of  bileiii^meiit.  Ictarus  is  :i.  symptoni  whitdi  occurs 
in  th*3  eoui-i^e  of  niiinenuLs  diseases  of  the  li\'er»  aiitj  is  of  frequent  oeeur- 
rencc?  even  iu  the  hi'st  days  of  life  (icfcnts  nronfffomm). 

The  patholof^ieal  ]>igmeutation  wbieh  cbanieterizes  ietenis  is  appai-ent 
during  life,  partitnihirly  in  the  skin,  coujunc^tiva,  and  in  the  urine;  iu 
the  cadaver  tlie  internal  organs— the  sertKis  membranes,  Inngs,  kidneys, 
liver,  the  snljeutuneous  and  iutermnseuhir  tissues,  the  blimd  plasma, 
clots  lying  in  the  vessels,  etc. — may  show  an  icteric  ci>h^ration.  In 
recent  cjises  the  icteric  col (ir  is  yeUnw;  iu  hmg- stand i ng  ca-ses  the  skiu 
takes  on  an  olive-green  or  dirty  grayish*greeu  color,  while  similar  cok>r- 
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^KJ.  12£.  — Obrtructlrp  tctcruii  of  the  Ufit.  flue  to  mrnpnpaBlnn  of  \\\\>  durtim  choledwlius  by  n  rniicpr 
^  :  hladdt-r.     <.'iiiTi|Eiiiait*'.  ahiiii-i'uriiiliifr'.l     .-r.  Intni-ucliritiUs  liJiNM'iipIIlmlti*,  inrHii'irHlclv  flllu^ni  j||i4 

Mif  ;   h,  \s\i\v\f  dlldtefl  intm-iirEniUJJi  tilkM^mplllHrY,  t  onrAJrtlnwr  Ijirire  itniji*  if  (ilL^ni^tiT  ;  «,  tjllt-- 
t  M   ihn   liv^T-^fllh  f^  i/,»  i»rnlnrhp|jurij   MtMlri^   with   hil+vpli^iiu'rit ;    f.  i1<'*4<|iju»iiil«'<l  ♦  m(i>itu-lliitu 

^lAjor-til  with  bllP-pikTfunit ;  f\  plirmeni  m»-ss  surnnirKiwI  byt'clliis;  f/,  nipUir**  tif  tht^  pij^nDeiiL  cxjnLatueil  In  n 
Nle-ai(i)lJiLr3r  tiitoiiMinHtH*ttf)itlary,  wirh  hilr-stmni^J  *'rll>*  In  the  lH•l|r]llM^^h4>lHl        •;  1*15, 


ationB  oe^nr  in  the  internal  organs,  particularly  in  the  liver,  and  occa- 
sionally in  the  kidneys. 

Icienm  rerndtH  frmn  the  entrance  of  hUe — that  tJ9,  of  bUe-pifftnent  (biJituhin) 

-into  the  blood  andJfttUU  of  ike  hodif.     During  sneb  :i  condition  the  urine 

excreted  contains  elements  of  the  bile,  particularly  the  bile  pigments. 
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Ictertis  is  a  hepatogenmui  disease,  inasmuch  as  the  bile-pigments  have  their 
source  in  the  liver.  As  the  result  of  disease  processes  in  the  biliary 
passages  or  in  the  liver  itself  the  normal  outflow  of  the  bile  is  hindered, 
and  the  bile  is  then  taken  up  into  the  lymphatics  and  blood-vessels  of 
the  liver.  Such  a  damming  back  of  the  bile  may  be  caused,  for  exam- 
ple, by  a  narrowing  or  closure  of  the  large  bile-ducts  through  the  forma- 
tion of  scar- tissue,  through  gall-stones  wedged  in  the  lumen,  or  through 
tumoi-s  developing  in  the  bile-ducts  themselves,  or  arising  outside  of  l£e 
duct«  and  compressing  them;  or  through  inflammatory  processes,  ab- 
scesses, connective-tissue  gro^^hs,  or  tumors  of  the  liver  which  compress 
or  pull  upon,  or  completely  obliterate  the  smaller  bile-ducts,  and  in  this 
way  hinder  the  outflow  of  blood  from  the  smaller  bile-diicts  and  capil- 
laries. 

In  the  case  of  a  stasis  of  bile  within  the  liver-lobules  the  intercellular 
bile-capillariCvS  first  become  dilated  and  may  become  filled  with  large  bile- 
thrombi  (Fig.  122,  rt,  h).  The  dilatation  affects  also  the  blind  side 
branches  extending  toward  the  capillaries,  and  these  finally  may  be 
broken  through,  leading  to  a  separation  of  the  liver-cells  (Fig.  122,  ^), 
also  to  cell  necrosis,  so  that  the  bile  eventually  gains  entrance  into  the 
perivascular  lymph -channels  and  thence  also  directly  into  the  blood. 
Further,  the  bile-pigment  is  heaped  up  in  granules  within  the  liver-cells 
themselves  {v),  and  the  endothelium  of  the  blood-capillaries  (<Z,  (i„  e) 
also  becomes  stained  with  bile. 

Since  there  occurs  in  the  liver-cells  a  double  secretion,  an  external 
one  through  the  bile-ducts  of  bile-acids  and  bile-pigment,  and  an  internal 
one  into  the  blood-vessels  of  sugar  and  urea,  it  appears  reasonable  that  a 
passage  of  bile  into  the  blood  may  occur  not  only  through  stiisis  of  the 
bile,  but  also  as  the  result  of  i>athological  conditions  of  the  liver-cells  due 
to  infectio7is  and  intoxivatiovs.  We  may  therefore  distinguish,  in  addition 
to  icterm  due  to  ly'iJc  stasis  or  stasis  parapedems  (Minkowski),  other  forms 
of  icterus  due  to  torie  and  infectious  parapedesis  of  the  bile  (^paracholin,  Pick)  ; 
and  there  are  pi-obably  many  tonus  of  icterus  formerly  referred  to  as 
catarrh  of  the  bile-p«assages  that  may  be  explained  in  this  way. 

It  is  also  possible  that  disturbances  of  innervation  and  of  the  circula- 
tion of  the  liver  may  be  sufficient  to  bring  about  an  escape  of  bile  into 
the  intra-acinous  lymph-channels  or  into  the  blood,  so  that  a  nen'ious 
paracholia  may  also  be  distinguished. 

When  bile-pigment,  either  in  solution  or  in  the  form  of  granules  and 
lumps,  obtains  entrance  to  the  blood,  the  tissues  of  the  body  become  grad- 
ualhj  permeated  with  bile-stained  lymph^  and  thereby  acquire  an  icteric 
color.  If  phagocytes  containing  granules  or  lumps  of  bilirubin  are 
pre.sent  in  the  circulating  blood,  they  may  accumulate  here  and  there, 
l)articularly  in  the  si^leen  and  the  bone-marrow.  After  a  time  the 
bile-pigment  held  in  solution  within  the  tissue-lymph  may  become  pre- 
cipitated as  solid  particles  of  bile -pigment,  chiefly  in  a  granular  form,  but 
rarely  in  a  crystalline  (the  latter  form  occui-s  almost  entirely  in  the 
new-born,  in  which  the  crystals  are  found  in  the  fixed  and  wandering 
cells  of  the  connective  tissue,  in  the  liver-cells,  and  in  the  renal  epithe- 
lium). The  crystals  are  in  the  form  of  rhombic  plates  and  ne^les, 
similar  to  thost^  of  ha^matoidin  (Fig.  115).  In  severe  cases  of  icterus 
very  many  of  the  tissue  cells  contain  i)igment,  and,  as  a  result  of  the 
meta,sta*sis  of  cells  containing  pigment,  accumulations  of  the  latter  in  the 
lymph -glands  may  occur. 

In  the  kidneys  in  which  bile-pigment  is  being  excreted  there  likewise 
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oi^cn 7-8  ;in  excretory  pigmentation,  partieolarly  of  iho  epithrliuin  of  the 
uiinarj  tubules  (Fig.  123,  a,  d),  wliicli  iii\'oijseqmMH'e  may  Iw^'cnui© 
d#>S4jimmated.  If,  uh  the  msult  of  tlie  d:iniii;:e  done  to  the  stn'retiiif^  cells 
tLnMi^h  the  exeretioii  of  the  hiie-pi^^meiil,  thei-e  are  formed,  Jis  is  iisiiidly 
the  (!3i8e,  hyiil i lie  eiists— that  ih,  hyaline  coagu hi  in  tlte  albumin -coiitaiii' 
iag  urine  in  the  tubules — ^thes€>  likewise  become  culoretl  l>y  the  bilepig- 
meat  (Fig.  123,  ?/,  c). 

Assoeiated  with  the  deposits  of  l)ilirnbin  in  ieterns  there  is  always  a 
drpmit  of  fitemomtlfTm  wliieh  may  lietMnne  so  abnjalaid,  ]>ar1ieiilarly  in*  the 
boneimirrow  (Fig.  120),  .si>leen,  and  lyiiiph-glaiHls.  and  «»eeasini»ally  also 
in  the  liver,  that  the  pigmeiitutiyn  of  the  organs  named  is  dependent  in 
part  upon  ironpigment. 


4 


\  >^ 


f- 
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'  ^^^s^V  * 


-M«tui  of  the  Mdwy  In  ohntnirtlvF  Jnimdlr^.     rRnbllmat^,  <*iinii1ne.)     «,  Tubular  f?pt- 
ilnlniryelk»wlith*bnnvn  irnmuli^  ;  ^,  lur^rt'  etwts  rttalned  ycUtiwUb-R-iv**!! ;  r,  rtuii  euntalnfnir 
*'l\s ;  '/,  dciiqiJft[uat«*«j  I'pliheMum  i'<iiiUiiriiln£  blle-plgmfinl  g^rauult^.     <  ^kK 


Wben  aTi  increased  dt'drnrtion  of  red  hhmd  eelh  takes  plare  within  the 
blo<Kl  vessels,  lia^matoidin  or  Itilirubin,  in  addition  In  inejniisideTin,  is 
fiirmed  in  di  tie  rent  parts  of  the  body  (set*  §  71):  bnl  the  formal  inn  of 
bilirubin  outside  of  the  liver  is  very  slight  and  is  not  suttieient  ti>  (*ause 
any  extensive  ieteric  colonition  of  the.  tissue,  su  that  a purelif  humidtige- 
nomJHunflin' dof^M  nni  oemt\  Tln^  liver  is  the  gieiil  i/laborator  of  bilirubin, 
and  in  ca^-^of  inereiUH**d  de.struetion  i)f  the  bhiod-eells  I  he  liverd'unetitm 
is  inereas«Hl  and  llu*re  is  an  inere^ised  pri*dU4'tion  and  exeretion  of  bile- 
pigment.  An  icfrrm  due  fo  htrn^fhsM  drstni*'tunt  of  Ithmtf  cctfs  eaii  uecur 
wdy  when  at  the  s:ime  time  Uiere  are  luesent  in  the  liver  sneh  cliangea 
Ins  cause  a  puHnof/e  of  the  blJe  info  the  IdumL 

The  aueation  as  to  wbetliiT  tljtTe  is  ti  lia'matxi^enims  as  w^U  us  a  hepalogenoiis 

lUDdU'C  lias  long  iK'fii  an  nbjwi  c»f  disc'iissioii,  am!  remains  unsettled  at  the  preseut 

Rimt«,  m  s|>iU?  i»f  nunuroiis  expenmeutal  iuvesiti^utiuns  dirivlerl  tijwurd  its  solutifju. 

r?  L  niatter  <>f  fad,  bilivulrin  may  hv  tormetl  in  the  most  ilitTerejit  kinds  <»f  tissue 

f  LVrtsiiic'd  IdofMh  tilt'  orcnrn  IKT  rd  a  hntfiutrtgentHjs  ii  ttM  ns  wuuld  a  primt  uj) 

V*. >  iirobiible.     Expenmcutal  invcatigatiuas  as  tu  the  lesults  oi  the  desUu<  limt  of 
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red  cells  in  the  circulating  blood,  particularly  througli  the  action  ci  anenlc,  tohiyleih 
diamin,  and  potassium  chlorate,  have  shown  that  the  derivatives  of  blood-pigment 
which  arc  formed  in  the  tissues  and  tlicre  retained  for  a  long  time  are  essentially  iron- 
containiug  pigments  (hnemosiderin),  while  the  production  of  bilirubin  is  practically  con- 
fined to  the  liver,  which  for  the  time  being  secretes  an  increased  amount  of  richly  pig- 
mented bile. 

According  to  the  investigations  of  Minkairski  and  ^^aunyn^  the  urine  of  geese  and 
ducks  after  removal  of  the  liver  contains  no  bile-pigment — a  fact  which  would  indicate 
that  the  transformation  of  blood-pigment  into  bile-pigment  is  ordinarily  confined  to  the 
liver.  The  inhalation  of  arseniureted  hydrogen  for  a  few  minutes  is  sufncicnt  to  produce 
in  geese  in  a  very  short  time  an  intense  polycholia  and  hematuria,  the  urine  containing 
hiemoglobin  in  solution,  disintegrating  red  ceils  and  biliverdin.  If  the  liver  from  such 
a  ^oose  be  removed,  the  bilivenlin  quicldv  disappears  from  the  urine,  and  no  trace  of 
bile- pigment  can  be  demonstrated  in  the  blood.  It  is  therefore  evident  that  in  arsenic 
poisoning  the  formation  of  the  bile-pigment  Is  confined  to  the  liver.  In  which  organ 
leucocytes  enclosing  iron-containing  fragments  of  broken-down  red  cells  are  found  to 
be  present. 

In  so  far  as  it  is  possible  to  judge  from  the  experimental  investigations  which  have 
been  made  up  to  the  present  time,  a  pure  hematogenous  jaundice  does  not  appear  to 
occur.  The  mere  fact  of  the  occurrence  of  jaundice  after  intoxications,  inhalation  of 
ether  and  chloroform,  transfusion  of  blood,  snake-bite,  septicaemia,  typhoid  fever,  yel- 
low fever,  paroxysmal  hemoglobinuria,  etc.,  cannot  be  taken  as  proof  of  the  existence 
of  a  hematogenous  iaundice.  There  is,  indeed,  in  these  conditions  an  increased  destruc- 
tion of  red  blood-cells;  but  bilirubin  is  essentially  a  product  of  tlie  liver,  and  If  jaundice 
occurs  it  can  be  due  onlv  to  the  fact  that  a  portion  of  the  bile-pigment,  which  is  pro- 
duced in  excess,  has  found  its  way  into  the  blood. 

According  to  mn  Kupffer  and  Pfeiffer,  the  bile-capillaries  terminate  in  intracellular 
secretory  vacuoles  ;  from  these,  according  to  Nauwerck,  Stroebe,  and  Broxoicz,  delicate 
iiilracellular  secretory  canaliculi  are  given  olT,  forming  a  network  around  the  nucleus. 
According  to  Nauwerck,  the  internal  secretion  of  the  liver  also  takes  place  into  very 
delicate  iutnicellular  canaliculi.  Schd/er  describes  small  nutritive  canaliculi  within 
the  liver-cell  communicating  with  tlie  blood-capillaries.  Arnold  opposes  the  view 
that  any  preformed  system  of  canals  exists  within  the  liver  cells. 

In  the  icterus  occurring  so  frequently  in  the  new-born  (Schmorl)  there  occurs  both 
a  diffuse  and  a  scattered  yellowish  coloration  of  the  brain  limited  to  the  neighborhood 
of  the  nuclei,  while  in  later  life  the  brain,  even  after  a  long-continued  icterus,  remains 
free  from  pigment.  With  the  nuclear  icterus  there  are  also  found  ganglion -cells 
stained  witli  bile. 
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§  73.  Pigmentation  of  the  tissues  through  substances  introduced 
into  the  body  from  without  m'rurs  when  siibshiiices  posseKsiii^  a  color 
of  their  i.n\n  ^aiii  cuitraut^e  in  soino  iimuuer  iu  the  tiKHue.s»  wliero  thevjir*? 
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no.  I^— DeiKMtt  of  dnDatMr  la  tattooed  sk\\> 


I,  aluiu  cartnlDe.)    (ii,  E|*ltlieU(iin ;  b^oortum; 


mcmt  fanuliar  x>fgmeiitut!oii  tliroii^h  wouitdK  is  tatfoohifi  of  the  nkin,  which 
\s  frequently  jmietis***!  by  individuals  of  civilized  as  well  an  of  uueivil- 
ized  nations. 

The  method  of  tattooing  coloretl  fig^nres,  ct<*.,  consists  in  the  iiiln*- 
dnclion  of  ins<drdde  gTanuhir  pigiuenis,  sytdi  as  carbdii,  india  ink,  eiii- 
nahir,  sepia,  tninil  sienna,  nUrainaritie,  chtMniatenf  lead,  etc.,  inlosligbt 
nonnds  uf  tbe  skiti.  The  idgments  are  rnl»bed  into  the  wtnnids,  whence 
they  penetrate  ami  infiltrate  tiie  tissue  in  their  innnediate  tiei^hbor- 
ho4>d.     A  portion  of  the  pigment  remains  in  the  curn/m  (Fig*   124,  e} ; 
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another  portion  is  carried  to  the  lymph-ghinds,  which  thereby  become 
l)igniented. 

The  lungs  and  their  lymph-glands  may  become  intensely  pigmented 
through  the  inhalation  of  colored  dxist,  such  as  coal-dust,  soot,  iron-dust, 
etc.  Through  the  inhalation  of  coal-dust  the  lungs  may  become  wholly 
black. 

When  coal-dust  is  taken  into  the  lungs  in  the  respired  air  a  portion 
of  the  pigment  is  carried  to  the  peribronchial  lymph-glands,  which  in 
consequence  may  become  black.  When  the  deposit  is  very  abundant 
the  lymph-glands  may  undergo  softening  and  give  off  the  pigment  into  the 
lymph-stream.  If  the  glands  are 
situated  in  the  neighborhood  of  a 
vein,  the  pigment-deposit  and  the 
softening  may  involve  the  vein- 
wall,  so  that  finally  particles  of 
coal-dust  may  pass  into  the  blood- 
stream, and  be  carried  to  other  or- 
gans, the  spleen,  liver,  and  bone- 
marrow  (see  §  21). 

Prom  the  intestine  only  soluble  sub- 
stances are  absorbed,  and  a  i>erma- 
nent  pigmentation  can  therefore  oc- 
cur, only  when  these  are  precipitated 
in  the  tissue  in  a  solid  form,  which 
is  at  the  same  time  either  bhick  or 
possessing  some  color.  The  most  fre- 
quent of  such  pigmentations  is  that 
known  as  argy)i>a,  which  is  due  to  the 
long-continued  use  of  silver-prepara- 
tions. In  this  condition  the  skin  may 
show  an  intense  grayish-brown  discol- 
oration, and  the  internal  organs  may 
also  present  more  or  less  pigmenta- 
tion. The  silver  is  deposited  in  the 
ground-substiince  of  the  tissues  in  the 

form  of  fine  granules,  more  especially      .  .,  - 

in  the  glomeruli,  and  the  connective  JSSl"«i,S;tlio?o"Sv"?«rilSf5erim5.tTl^' 
tis.sneofthen,edulhuyi»yra,ni(l8(Fig.    !{roTii.e!;^.r&?Sr^'SSi«2.e"8liru^ 
125,  />),  the  Hit  una  of  the  great  ves-  with  brown  siivor  iranuies.   xfioa 
si^Js,  adventitia  of  the  smaller  ones,  in 

the  neighborhood  of  the  mucous  glands,  the  papillae  of  the  skin,  con- 
nective tissue  of  the  intestinal  villi,  and  in  the  choroid  plexus  of  the 
lateral  ventricles.  Deposits  may  occur  also  in  the  serous  membranes,  but 
the  ei)itlielial  tissues,  the  brain,  and  the  cerebral  vessels  escape.  Exten- 
sive? deposits  of  silver  i)igment  in  the  medullary  portion  of  the  kidneys 
may  leiul  to  the  formation  of  hyaline  connective  tissue,  which  may 
undergo  calcification. 

Under  especial  conditions  irony  when  taken  into  the  body  in  excessive 
amounts,  may  be  deposited  in  the  bone  marrow,  spleen,  and  lymph- 
glands;  but  the  pignuMitation  thus  produced  is  only  nirely  visible  to  the 
nakiHl  <'ye.  In  Irad-poisonhif/  th(Me  maybe  seen  a  grayish-black  discolor- 
ation ot*  the  gums,  which  is  dui*  to  the  deposit  of  graiudes  of  sulphide  of 
lead  in  the  connective  tissue  of  the  mucous  membrane.  They  are  pro- 
duced through  the  action  ol'  hydrogen  sulphide  upon  the  lead,  which  is 
])reseut  in  solution  in  the  mucous  membrane. 


\ 


Pig.  125.— Deposits  of  silver  in  tbo  pyramidal 
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XV.  The  Pathologricai  Absence  of  Pigment. 

g  74.  The  absence  of  pigment  nrinirs,  in  the  fu'st  pla<»e,  as  a  ooiig:f»iii- 
Uii  eoiidition,  and  is  then  tennt'd  albinism  fir  leycopathia  congenita. 

Ill  u  ]mv\  ol  siicli  t'Hscs  t\w  idtsnin-  i>f 
liiiCiiHrni  (»xt(Mi(Ls  over  the  entire  hndy 
{nlhhmmtts  unirerfutlm^  KitkerhtJkCH,  ulhi- 
mm) ;  in  other  eitse.s  it  is  restri(*ted  to  eer- 
tain  portions  of  the  skin  (itlbhtismiis  prir- 
ti'ftfh).  In  thiise  parts  of  Ihi*  skin  wjjitdi 
are  destitnte  td'  pigineid  the  hairs  lik^^wise 
may  ecuitaiii  no  pigment,  and  niipear 
white  or  Yello\vi.sli* white  { poJwMi.s  ov  hm- 
rotridiiif  ri^fu/t'Hitn  iittirrr*itiliji,  ft  virritm- 
srnplii).  In  nnivei's:d  alhinisni  thi*  jOg- 
inent  of  the  retina,  choroid,  and  iris  may 
alHJ  be  \vantin^^  so  tluit  eonsi-<|nently  the 
eiioroid,  from  tlie  amount  t>f  l»l(K)d  wliirh 
it  eontaiiis,  ajipears  red,  and  tin*  iris,  ue- 
cnniing  to  th*»  anj^lt*  of  <jbs€*r\ation  and 
the  decree  of  illumination,  Mill  appeal- 
either  Idnisli-wliite  or  red.  On  inirni' 
sropieal  examination  im  pig;mented  i-ells 
ean  In?  fimnd. 

A  seeond  form  of  ahs<'n(*e  4il'  in^anent 
is  that  eondilion  whieh  is  known  as  vitil- 
igo or  leucopathia  acquisita.  This  oe- 
ears  later  in  life.  I'ither  as  a  s*»(jnela  to 
eeiiaiii  well-known  di.st»a,ses  (searh't  fe\er» 
typlms,  reeiiirent  fever),  or  as  a  svmpttan 
iif  an  epidemii'  disea^se  of  nnknuwn  Hi- 
olo^y  (  vitili;i4»  en*lemiea),  or  finally  w ilii- 
<Hit  any  reet>g:nizal»h*  eanse.  The  t'orma- 
tion  of  white  spots,  willdn  whieh  the  Intirs 
aiv  also  white  {latrotrkhia  tieqitisiftt  rir- 
citutHf'Vfpttt  }^  takes  phiee  nsnally  synimet- 
rieaUy,  anil  may  extend  over  the  j*teati*r 
parf  of  the  iKKly  (Fig.   1L**>).     The  white 
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areas  are  surrounded  by  a  border  of  more  deeply  pigmented  skin ;  and 
this  suggests  that  with  the  disappearance  of  the  pigment  at  one  point  the 
pigment  is  transferred  to  adjacent  partes.  The  loss  of  color  in  the  haii-s 
(even  as  in  old  age)  begins  always  in  the  root,  no  more  pigment  being 
transferred  from  the  hair-papilla  to  the  hair-bulb.  Finally  the  pigment- 
cells  of  the  i)apilla  disappear  altogether. 

A  third  form  of  loss  of  pigment  is  associated  with  traumatic  or  infec- 
tious infiavimaUo)hH  of  the  skin,  particularly  in  syphilitic  exanthemata 
and  in  lepiosy ;  this  condition  is  known  as  leucoderma. 

In  scars  of  the  skin  which  remain  white,  the  newly  formed  tissue 
replacing  the  defectt  does  not  possess  the  power  of  producing  pigment ; 
and  consequently  represents  a  colorless  cicatrix  covei-ed  by  epithelium. 
Not  infrequently  such  a  scar  may  be  surrounded  by  a  i)igmented  boixler. 
In  mild  forms  of  intlammation,  in  which  the  tissue  of  the  skin  suffei^s  no 
loss  (syphilis),  the  disiippearanco  of  color  may  immediately  follow  the 
intlammation,  or  not  until  later,  in  which  case  there  may  occasionally 
occur  a  preceding  stage  of  increased  pigmentation.  According  to  Ehr- 
mami  the  lack  of  pigment  in  such  cases  is  to  be  explained  either  by  the 
fact  that  no  chromatophores  are  i)resent  in  the  corium  to  furnish  i>iginent 
to  the  epithelium,  or  the  changed  epithelium  is  not  able  to  take  up  the 
pigment  from  the  latter  when  piesent.  The  pigment  which  still  remains 
in  the  cutis  may  then  l)e  absorbed. 

According  to  Munch,  vitiligo  is  of  common  occurrence  in  Turkestan,  and  is  consid- 
ered by  the  natives  (Sarts)  to  be  contagious,  so  that  they  isolate  the  individuals  atfected 
with  this  disease  and  confine  them  with  lepers  in  enclosed  courts.  It  is  probable  that 
in  the  literature  vitiligo  endemica  has  been  many  times  mistaken  for  lepni  maculosa, 
and  has  been  descTibed  under  the  designation  **  white  leprosy  of  the  Jews." 
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XVL  The  Formation  of  Cysts. 

§  75.  A  cyst  is  acireinnscribed  cavity  which  is  shut  off  from  the  siir- 
rouiitlin^  tissues  by  a  coiiiieetive-tissue  ineinbranc  or  by  tissue  of  a  moi-e 
eoini)lex  structure,  and  jjossessiuj^  couteuts  differiug  iu  nature  froui  tlie 
capsule.  Cysts  may  occur  in  auy  tissu(\  AVIhmi  compcxsed  of  but  a  sin- 
gle chiuul)er,  the  cyst  is  called  a  ftivtpfr  ct/s( ;  wlieu  divided  into  a  luimber 
of  conipartuients,  it  is  known  iis  a  muItiJomhir  ei/at. 

The  most  common  form  is  the  so-called  retention-cyst,  which  arifffft 
from  f/if  ((criimufafiou  of  scrvrtiouti  in  pr('i''xi,s(inf/  Hpaces  which  are  lined  with 
epithelium  or  endothrtium. 

In  glands  provided  with  an  open  duct,  i-etention -cysts  will  be 
formed  as  the  result  of  the  obstruction  of  the  duct,  provided  that  actively- 
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secr«»tiDg  epithelium  Ktill  t^xists  iM^hiiuHlie  point  of  obstruction.     8ucli 
cysts  are  of  f requeut  oi^ciirrenee  in  \\w,  f^*l>;irfM»us  ^ImihJs,  hsiir-l'orjrli^s, 

iilf^rijn^  Inlands,  iinicmis  glands  of  tlie 
iuU^slHinl  tiiirt,  tnl>iil*'s  of  th<?  c*pidi- 
d\ mis  (  Fi^^  127,  r  >,  uriiuiiy  tnl>tik-H; 
li\ss  fii^qiuMit  ill  tJie  Itiliary  pussiigea, 
ill  tholHViist,  pjiMCiHNis  (Fi^.  12.s,  U),  in 
the  ^d:uMls  of  the  nit*nlh,  etc.  Larger 
open  canals,  kiu-U  as  tlie  urt^ers,  vermi* 
In  no  iippi  udix,  and  tuUe,s  (Fig.  129,  t*), 
may  also  imdeigr*  <\vstit:^  dilatation  as  the 
ivsnlt  of  I  he  eoUeulion  ot  s<-(Metions. 
The  oiisti"iu*tic*n  cjf  a  j^iven  tin*'t  may 
be  dne  to  aceutJinlalitm  of  serretion,  to 
the  formation  of  adhesions  (Fi;-.  12*>,  r). 
eieati'ieial  ohliliMalion,  eonipression,  i»i" 
et^nstrjrtion  of  its  liuuen. 

Closed  ^iandaJar  cavities  and  tubes^ 
Biieh  as  tlie  follieles  of  the  lhyri*id  and 
the  glamhdar  tubes  of  the  ii;iro\ arinni, 
nKiy  also  beeome  eystit*  when  their  wjills 
|)rodnre  an  abnornral  amount  <d'  s**e re- 
lion.  JJkiwise,  (lie  remains  of  fetal 
passages  and  clefts,  as,  lor  example,  le- 
niaius  of  the  branehial  elefts,  niindms,  Midler's  *inet,s  I'ti'.*  may  also 
bef<  M a e  \ *y st  i e. 

Small  eystH.  such  as  those  developin,!^  in  mneons  j;laj»ds,  vary  in  size 
from  a  millet  S4^i*d  to  that  of  a  pea.  Larger  eyt^ts,  sneh  as  iH-eur  in  ihe 
liver  and  ovaries,  nniy  attain  the  size  of  a  iist  and  even  larger. 

The  contents  of  cysts  de|ieii*l  upon  the  nature  of  the  tissue  in  whii'h 
Jiey  are  formed,  Thns  th<:  eysts  of  iIn-  seba<*eous  glamis  and  hair-fulli- 
^tles  i  ffthnrttthf )  ec*ntain  a  pultaeetms,  while,  or  grayish- white,  nioie  rarely 
bi'fiwn,  mass,  whieh  eousists  esseidially  of  s<|uanions  n'lls,  in  part  sliow- 
iii^  c«»rnitieation,  ami  also  of  fat  gh^hnles  and  elndesterin.  Thi^  eysts  oe 
curring  in  mneons  glands  eontain  a  nnn-ons  tbii<l  whieh  is  either  ch*ar, 
or  while  and  eloiidy,  a.s  the  residtof  t!n^  prest*nee  of  eellnlar  ideimvnts. 
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lrari»vfrsp' ■HH'Hnii  *if  iirti^ry  ;   (^  Uiti^ltiuilntil  »wtloii  nf  Ti'lti.     Nmluml  size. 

Hieinorrluige  into  a  cyst  from  the  cyst-wall  gi\es  a  ihmI  or  l)rt)vvn  eoloj-  in 
ttln*  contents.     Wlien  great  nnmliers  of  eelis  are  ineseut  in  the  eysti^on- 
tltMi  this  firay  lM?eome  converted  into  ti  st*mi'S4*li<l  fatty  mass,  whieli 
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may  iiudergo  calcification.  Cysts  of  the  thyroid  and  kidneys  contain 
colloid  masses,  or  a  clear  though  occasionally  cloudy  fluid. 

Retention-cysts  lined  with  endothelium  may  develop  from  blood- 
and  lymph -vessels,  lymph-spaces,  bursse,  and  tendon-sheaths.  Here  also 
the  content  of  the  cyst  is  dependent  upon  its  place  and  mode  of  origin. 

As  retention-cysts  increase  in  size  the  stretching  of  the  cyst-wall 
would  ultimately  lead  to  a  defect  in  the  continuity  of  the  wall  if  no  new 
fomiation  of  tissue  took  place.  Cyst  formation  is,  therefore,  not  purely 
a  degenerative  process;  such  a  new  formation  of  tissue  takes  place  first 
in  the  epithelial  or  endothelial  lining  of  the  cyst,  but  the  connective- 
tissue  elements  of  the  wall  also  increase,  so  that  in  spite  of  the  stretching 


Fk;.  12<.).— Hydn»p8  of  tin*  Fiilloplan  tube,  with  iHTisjilpinpritic  and  ptTiovaiian  adhesionsi.  a.  Uterus; 
7>,  uieriiH*  portion  of  the  lube:  r,  abdominul  end  of  tul»e.  showing  cystlo  dilatation  and  ailhesions  with  the 
nei^hlKiring  parts;  </,  ovarium  ;  f ,  niembninous  adhi'sion.     Two-tliinLs  natural  size. 


the  wall  of  the  cyst  becomes  no  thinner,  and  under  certain  conditions 
may  even  increase  in  thickness.  Moreover,  cyst  formation  is  often 
associated  with  a  pathological  formation  of  new  glandular  tissue, 

and  in  this  way  constitutes  a  s(H*ondary  change  in  hypertrophic  or  tumor- 
like growths.  It  is,  therefore,  sometimes  impoSvSible  to  draw  a  sharp  line 
between  the  simple  cystic  dilatations  of  preexisting  gland-canals  and 
gland-spaces,  and  those  tumois,  the  cystomata,  which  are  characterized 
by  cyst  formation  (see  Cystoma).  KmJothdUd  cysts  may  also  develop  out 
of  neirly  formed  lymph  spaces  and  lymphvrssefs. 

A  s<^C()nd  form  of  cyst  is  the  degeneration-cyst,  which  arises  through 
the  partial  disintegration  and  liquefaction  of  a  tissue.  Cysts  formed  in 
this  manner  occur  in  the  brain,  hypertrophic  thyroids,  and  in  tumors. 
They  may  contain  a  clear  or  cloudy,  or  at  times  hipmorrhagic  exudate. 

A  third  form  of  cysts  results  from  the  formation  of  a  connective- 
tissue  capsule  around  foreign  bodies,  which  have  found  entrance  to  the 
tissues,  as,  for  oxami>le,  about  a  bullet ;  or  also  about  necrotic  areas,  or 
hemorrhagic  extravasates. 

A  fourth  variety  of  cysts  is  formed  by  parasites  which  pass  through 
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a  cystic  stage  in  tlie  course  of  tlieir  development  in  the  body,  and  are 
likewise  surrounded  by  a  connective-tissue  capsule. 

Literature. 

( Retention  -  Cysts, ) 

Aschoflf:  Cysten.    Ergebnisse  d.  allg.  Path.,  II.  Jalirg.,  Wiesbaden,  1897  (Lit.). 
Bard  et  Lexnoine:  De  la  maladie  kystique  essentielle  des  orgaues  glaudiilaires,  Paris, 

1«90. 
Chiari:  Genese  der  sog.  Atlieronicvsten.     Zeitsclir.  f.  Heilk..  xii.,  1891. 
Franke:  Blutcyste  der  seitlicbeu  'ilalsgegeud.     Dent.  Zeitsclir.  f.  Chir.,  28  Bd.,  1888 

vLit.). 
Hennes:  Angeb.  AuswDcbse  am  liaise.     Arch.  f.  Kinderbeilk..  ix.,  1888  (Lit.). 
Hess:  I'eber  eine  subcutane  Flimniercyste.     Beitr.  v   Ziegier,  viii.,  1890. 
Killme:  Pathol.  Histoiogie  der  Cystenbildung.     Virch.  Arch.,  158  Bd..  1899. 
Marchand:  Cysteu.     Eulenburg'^s  Realencyklop.,  1894  (Lit.). 
Nordmann:  Galaktocele.     Virch.  Arch.,  147  Bd.,  1897. 
Philippson:    Auatoinische    Uiitersuchuiigeii  liber   Niereucysten.     Virch.  Arch.,  Ill 

B^l..  1888. 
V.  Recklinghausen:  Ueber  die  Raniila,  die  Cyste  der  Bartholin 'schen  DrUse  und  die 

Flimmercyste  der  Leber.     Virch.  Arch.,  84 'Bd.,  1881. 
Richard:  Gesohwttlste  der  Kienieuspalten.     Bdtr.  v.  Bruns,  iii.,  1888. 
Sabourin:  \a\  degenerescence  kystique  du  foie  et  des  reins.     Arch,  de  phys.,  x.,  1882. 
Sasse:  ('ysten  der  Mamma.     Arch.  f.  klin.  Med.,  54  Bd.,  1897. 

Terburgh:  Ueber  Leber-  und  Nierencysten.     luaug.-Diss.  v.  Freiburg,  Leiden,  1891. 
Tdrdk:  Entstehung  der  Atheromcysteii.     Monatsschr.  f.  pmkt.  Derm.,  xii. 
Virchow:  Die  krankhaften  Geschwttlst^?,  i.,  Berlin,  1803. 


CHAPTER  VI. 


K 


Hypertrophy  and   Regeneration.     Results  of  Tissue- 
Transplantation.    Metaplasia* 

L  General  Considerations  Concerning  the  Processes  Known  a^ 
Hypertrophy  and  Regeneration,  and  the  Accompanying  Cellular 
Changes. 

S  "<>.   In  11  jjoiicnil  senses  hypertrophy  is  jin  /»rrr*Tw'  in  the  fthr  of  a 
ti.HSue  or  ovfjHii^  dttr  tifftfr  to  ttti  itirnttsf'  in  thr  nhf  or  In  the  innnlnr  of  t  fir  in- 
*Iirit!tt(tf  Hntirttf^,  in  siieh  a  u ay  t but  the  structiii^  nf  the  hypertropliie 
tissue  m  like  tliat  of  the  iior- 
iiial,  or  iit  least  does  uot  diJler 
essentially  from  it. 

In  a  more  limited  sense  ht^ 
prjirophif  iJi  an  inrrrif.sr  in  nize 
ifnr  to  an  rnhtrf/rm^nt  o/'  the  in- 
tliriitttnl  rfrmrntu  tthnir  ;  the  en- 
innjrmrut  thtr  /o  nn  inerrnur  in 
the  nnmhrr  of  thr  ittdiridnnt  e/e- 
tntnt^i  being  designated  as  htf- 
prrpii  faith 

Hy  pert  ropby  may  result 
from  morbid  inipidst^s  in  be  rent 
in  the  genainul  eells,  nv  from 
iatluenres  aeting  during  the 
1  i  t e  of  the  i u d  i \  i duaL  |r    ^    ^T1P'3;J 'fe< 

If  an  alMiormnl  tissue  in- 
crease oecni rs  during  the  perio*! 
c*f  endiryonal  d<*v(OopnuMit,  or 
<^f  extra  uterine  growth,  and  if 
no  i  nil  aerates  are  reeogni/aljle 
that  would  aeeonnt  Air  the  iu- 
en^asetl  growth,  the  condition 
may  he  ex|)laiiK*d  as  the  result 
u(  a  congenital  predisposition^ 
and  may  be  designated  as  a 
hypertrophy  due  to  a  con- 
genital anlage.  If  the  en 
hirgemeut  jdleets  llie  entire  l>ody,  for  example,  if  a  newly  horn  eliild 
weiglis  *^8kgm.,  <ir  if  an  indi^  idmd  should  reaeb  tlu«  height  of  ISO-i'OO 
cm,,  the  eonditiou  is  called  a  general  giant  growth*  When  the  en- 
largemeid  affects  only  individual  ]mrts  of  I  be  body,  as,  for  example,  the 
entire  heail  or  one  lialf  of  it.  or  one  extn*mily,  or  a  finger,  or  the  vnlva, 
it  is  eallenl  a  partial  giant  growth.  The  giant  growth  of  several  ]>arts 
of  one  side  of  the  body  iri  designated  n  haff  giant  [fronih  ;  one  involviug 
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all  the  body  parts  is  v<*rv  rjiiT\     Hypertrniihie  growth?^  of  the  skin  and 

siilMmtaueauj^  tissues,  leading  to  a  distigiireiiu^iit  suggesting  tfie  ap[M*ar- 

aiice  of  the  skin  of  tlie  paehydt*nyula, 
ai*e  known  as  elephantiasis  (Fiiu^s.  i:UJ, 
131). 

In  bypeHrophie  growth  of  an  ex- 
(reniity  or  of  a  tinger  all  the  elements 
of  the  saiiH^  are  iinifonnly  ^^ilarged. 
In  elephant iasis  of  the  extremities  tlie 
etuiiu^etive  tissue  of  the  skin  and  suh- 
cutaneous  strnetnres  iHespeeially  likc-ly 
to  lieeoute  incretised;  t>nt  the  devt*Jop- 
nient  and  stnietnre  of  thi*>k:  gruvvths 
vary  greatly.  In  one  ease  all  the  e^ui- 
ueetive  tissne  elements  may  he  iniifnrm- 
ly  increased ,  in  another  ease  oidy  indi* 
vidnal  elements;  as,  for  i*xam|>le,  Ihe 
etnniet'tive  tissne  of  the  nerves,  blnnd- 
<*r  lyniph-vesstds;  or  at  least,  the  |)ath- 
ulogieal  nt*\v -format ion  takes  its  start 
from  these.  It  is  therefore  possilde  to 
distinguish  iUffvrf^ni  funnn  of  rieplmit' 
tktmN  ar'(*4irding  to  the  st met nre  of  the 
hypertroi>hie  part;  f^hphfuttfaHts  ttfttto- 
itMtomr  i  Fig,  VAil),  ft)K/iomfiffmi,  hfrnphtrn- 
f/irrtaUca  (Tig,  IHl),  fipomftfoHa,  fihrma, 
ete. 

If,  a-s  a  resnlt  of  some  ]>eeuliar  pre- 
dis]>osition  uf  the  skin,  tliere  oeeurs  a 
hyiH'rtriiphy  of  the  htu-ny  layer  «»f  the 
ejvith^nnis  (Fig.  i:J2,  r),  so  thai  the  skin 

becomes  covered  with  horny  plates,   tseales,   or  even  with   spines,   thv 

condition  is  designated  ichthyosis. 


I  ^. 


fllk  VM. 


rto.  W^-  khUi. 


Hfcfinlv,  with  rnt*^  MulpliThll;  r\  hy;iertr(»pljl<'  tjorny  luyer  of 
-vltlj  horny  e iPltlietlum  ;  c,  hali^.     •  4n. 
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Thi8  rluiuge  may  be  [H'eseiit  even  at  liirth  {'iMhifmiH  vongt^nHu)  \  mid 
the  iiew-br>rii  t'liild  (Fig,  trJ3)  iiiuy  te  wholly  eoseied  witli  hard  honi^' 
platcft,  whirli  have  heeu  split  o|>eii  at  different  juiiuts  as  the  i^esult  of  Uie 
growth  of   the  ouderlyiiiji;  tisHues. 
Tile  ]iathuhj^ieal    eoruiheatioii  af- 


132, 


"^^ 


rs:^ 


ii^ 


leels  ehielly  tlie  .sai1a4'e  {Vi\^, 

e),   hut   juay  extend  also  into   the 

htui-lolheles  (Fig,   13l\  ^0- 

111  t»ther  eas«\H,  at  a  hiter  period 

of  devehipTiieaf,  as  during  thi*  tii^t 

yeai-s  of  lite,  h realized  thickenings 

of  the   horny  hiyer  may  develop, 

consist  J  og  of  either  SHnill  wah\s  or 

phites,   or  larger  ones,   gi\ ing  the 

skin    a    rough  and   elieekered   ap- 

IM^irani'e.     The    corinni     and    the 

pai/ilhe  are  nsually  imt  involved  in 

ttir  it^hthyosis;  hut  lu'ensituially  tht* 

papillary  bodies  may  be  liypeilro- 

pliie  and  euhirged,  thns  inerojising 

the  rough  ajid  nodnlar  appraranw 

of   the   surface  {ifhtht/itMh  fif/strix). 

When    the   exerssive   eui'nitiention 

is  shai'ply  limited  to  ari^as  of  small 

sizt%     I  here    are     formed    eireuni- 

st'ribcd  warts  with  rough,  ei>i(helial 

eovering,  whieh  aie  known  -as  ieh- 

thg(tfh  trartii.     In  rare  cnsi^s  there 

may   be  developed  a  nu^re  exten- 
sive  hiiruy   layer  ov€*r  the  hyper- 

trojihii'   |iapilhe,   whost*  scales  are 

iirjangrd    at    right    ungles    to   tlH- 

s  n  r  i  ate  of  t !  i  e  skin;  a  a  il  1 1 1  e  se  oc  - 

casionally  may  at  lain  to  such  size 

that    they    are    caHed    culaneous 

horns  {Figs,  i:{4,    i:i5). 

Tht*  hyiK-rtrophic  devehipnient  of  liair  over  those  parts  of  the  Ixidy 

where  ojdy  diiwny  hair,  or  even  no  hair  at  all,  should  be  found  is  known 

as  hypertrichosis.     Such  an  abnormal  haiiiness  may  co\  ei'  a  larger  or 

smaller  area  of  the  Imdy, 
and  depemls  either  upon 
a  persistenee  ami  alnnu- 
mal  dcvclcipineiM  *tf  the 
I  a  n  n  g  o  (by  j>ert  richi  >sis 
1  a  n  B  gi  I  It  isii  ft  i!t  a  1  is )  ( F  i  g, 
triii),  or  ni>on  a  patludo- 
gic^!  development  of  the 
set^oodaiy  hairs.  An  ex- 
cessive growth  of  the  nails 
leads  to  the  eonditi*»n 
km*  w  n    a*s     h  if  pen*  n  ipii  ia , 

which  is  rtften  1\  allowed  by  a  ehiw-like  deform  it  y  of  the  ssune  desig- 
nated ofiifrhof/rtfpiHfffiJi.  It  is  to  be  noted,  however,  that  the  patholog- 
ical over-growths  of  the  nails  aic  usually  aequii-ed. 


Fid,  ri^*.— IchthynflJseonfenlta, 


FIG,  I^  — Corau  eutiini^unK 
from  iMCk  lit  Imutl,    ^Natuml 
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J^ext  to  till-  cnliirfreiiioivts  jiss*K*itited  with  goiieml  or  parthil  gkiutism 
tbe  bones  tiiusI  rivqiieiilly  Uhderpj  a  formi>f  hypertrojihy  t»yrtT^8pondiug 
lo  ( \\v  rimp'uilal  elephant iiLsLs  of  the  skiiu  The  he:itl  is  iisuully  aiTected, 
the  l>«mes  fit*  whieh  may  ui:idej'*t<)  a  very  marked  eidargeinerit  (Fig.  lot), 
kniiliii^  lij  adefiirmity  in  whieh  the  imlieiit's  hi-ad  einnes  to  resemble  that 
of  a  \u*n,  henee  the  name  leonttasU  ossea.  Further,  there  <iflen  develo]> 
ii|K»ii  the  8kuU  or  other  hones  of  tlie  btidy  eireirmscrilKMl  Ivony  grt»wtlis 
known  nn  exostoses,  whieli  are  iiiheritetl  and  not  dependent  upon  extriu- 
Hic  intliiern-es. 

In  thf*  internal  organs  hypertrophic  processes  dependent  purely  upon 
intrinsie  causes  are  nin-.  l»nt  ttje  brain,  for  example,  mi\y  reach  an 
at>nnnnal  size. 

It  cannot  always  lie  tlefiiritely  stated  to  what  extent  hyjiertrophy  of 
the  tissties  is  in  be  attributed  to  a 
fon;;enital  pretlisjiositioii,  inas- 
nineh  as  many  evlrtJi>ie  iulhu^iR*es 
an*  able  to  produce  proliferations 
of  tissue  simiijr  to  thost^  due  to 
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Flo.  Klft.-Heaa  of  it  luUrv  indlvlduiil.  a  ^-oiruiiD. 


Fifi.  IX.  ljf'<mtlaaiR  «>«wea,  CKX^urrtwr  In  i  boy  •!- 
fiM'ti^j  with  iffnem]  giuDt-trnj^th.  (Otaervra  by 
Rtib] ) 


intrinsic*  cHin8**R*  For  (»xaniple,  cutaneous  hi«rns  and  elephant iasis- like 
thickenings  of  the  skio  may  develop  as  the  i*csuli  of  intlainmation- 

In  geuend,  the  early  appi^arance  of  a  hypertrophic  ^rowtli,  the 
ben*dilary  nature  of  the  pathohjgieal  peculiarity,  and  tlie  absence  of  any 
external  etiological  factt»r,  siieak  for  the  congerdtal  uatnre  of  the  condi- 
tion* The  fiM't  that  hiter  intlneiices  may  apparently  canst^  the  growth 
does  ni>t  prfvbule  tlie  existence  of  a  congt^uital  predisposition,  Tluis  the 
excessive  bon>'  growths  4>f  tlie  head  above  mentioned  may  ft»llow  trauma 
or  acute  iutlatnniations.  External  iidUiences  may  theref(ue  lie  the  excit- 
ing  ciiuse  of  the  j>n(liferatiim,  bnt  not  the  primary  cause  of  tlte  same; 
i^lice  we  know  by  experience  that  the  given  injurious  inllnences  are  able 
to  produce  such  changes  ordv  in  (issues  possc»ssiug  a  si>ecial  pi-edtsposi- 
tioiL 

Not  infrequently  au  almormal  tendency  to  excessive  growth  may  show 
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itself  iu  a  pmnature  development  of  certain  organs^  the  structure  remaining 
nwrnal.  The  external  and  internal  sexual  organs  are  most  frequently 
aflfected.  Girls,  even  in  the  first  years  of  life,  may  show  a  development 
of  breasts  and  external  genitals  and  a  growth  of  hair  corresponding  to 
that  of  the  sexually  rii>e  woman ;  and  menstruation  may  be  established 
at  this  e^irly  period. 

The  size  of  the  entire  body  as  well  as  of  its  separate  parts  and  organs  shows  con- 
siderable variation  within  physiological  limits,  according  to  the  race,  family,  and  indi- 
vidual. The  variation  in  the  relation  of  the  size  of  single  parts  and  organs  to  that  of 
the  entire  body  is  less  marked. 

The  average  height  of  the  body  in  well-built  individuals  is,  according  to  Vierordt 
("Daten  u.  Tabellen  flir  Med.."  Jena.  1893).  as  follows:  Men  172  cm.,  women  100  cm. ; 
of  the  new-born,  males  47.4  cm.,  females  46.75  cm.  The  average  body-weight  in 
Euro[)o  is  for  men  about  65  kgm.,  that  of  women  aboiit  55  kgm.,  tliat  of  tlie  new-bom 
about  3,250  gm. 

The  average  weight  of  the  internal  organs  is  as  follows,  the  figures  in  parentheses 
l>eing  for  the  new-born:  Brain  1,397  (385)  gm..  heart  304  (24)  gm.,  lungs  1,172  (58)  gm., 
liver  1,612  (118)  gm.,  spleen  201  (11.1)  gm.,  right  kidney  131,  left  kidney  150  gm..  both 
kidneys  299  (23.6)  gm.,  testicles  48  (0.8)  gm.,  muscles  29,880  (625)  gm.,  skeleton  11,560 
(445)  gm.  Expressed  in  percentages  of  the  body-weight  the  figures  for  adults  and  new- 
born are  (the  latter  in  parentheses):  Heart  0.52(0.89),  kidneys  0.48  (0.88),  lungs  2.01 
(2.16),  stomach  and  intestines  2.34  (2.53),  spleen  0.346  (0.41),  liver  2.77  (4.80),  brain  2.37 
(14.34),  adrenals  0.014  (0.31),  thymus  0.0086  (0.54),  skeleton  15.35  (16.17),  muscles  43.09 
(23.4). 

Literature. 

{Tisme- Hypertrophy  of  Congenital  Origin.) 

Amheim:  Congen.  halbseitige  Hypertrophic.     Virch.  Arch.,  154  Bd.,  1898  (Lit.). 

Baas:  Das  Hornhauthorn.     Cbl.  f.  allg.  Path.,  viii..  1897. 

Bartels:  Abnorme  Behaarung.     Zeit.  f.  Ethnol.,  viii.,  1896;  AiTenmcnschen,  ib..  xvi., 

1884. 
Behrend:  Hypertrichosis.     Eulenbnrg's  Realoncyklop.,  1896  (Lit.). 
Brandt:  Hundemeuschen.     Biol.  Cbl.,  xvii.,  189^. 

Bruns:  Ueber  Kankenneuroni.     Vinli.  Arch..  50  Bd. ;  Beitr.  z.  klin.  Chir..  1891. 
Busch:  Hiesenwuchs  der  p]xtremittllen.     Arch.  f.  klin.  Chir.,  vii.,  1866. 
Carbone:  Ictiosi  congenita.     Arch,  per  lo  Sc.  Med.,  xv.,  1892. 
Caspary:  IchMiyo.sis  congenita.     Vierteljahrsschr.  f.  Derm.,  xiii.,  1880. 
Chiari:  Ueber  Hypertrichosis.     Prau:.  i"t*d.  Woch.,  1890. 
Denune:  llalbs.  3Iuskelhypertrophie.     27.  Jahresber.  d.  Jenner'schen  Kinderspitals, 

Bern,  1890. 
Ecker:  Ueber  abnorme  Behaarung  des  Menschen,  Braunschweiir,  1878. 
Esmarch  u.  Kulenkampff:  Die  elephantiastischen  Formeu,  Hamburg,  1885. 
Esoflf:  Ichthyosis.     Yircli.  Arch.,  09  B<1.,  1877. 
Ewald:  Hypertrophic  dcr  Hand.     Vinh.  Arch.,  56  Bd.,  1872. 
Fischer:  Uiosenwuchs  der  Extremitatcn.     Dent.  Zeitschr.  f.  Chir.,  xii.,  1880. 
Friedrich:  Halbseitige  contrcniial*'  Iv(»nnivTHTtr()j>hie.     Virch.  Arch.,  28  Bd.,  1803. 
Fuchs  :  Riesenwuchs  bei  Neugeb.  (6100  nnd  7550  gm.).    Mtlnch.  med.  Woch.,  1908. 
Hornstein  :  Halbseiti^'cr  Hiesenwuchs.     Virch.  Arch.,  133  Bd.,  1893. 
Hurthle  u.  Nauwerck :  Fibroma  mollusc,  u.  congen.  Elephantiasis.     Beitr.  v.  Zieg- 

ler,  i.,  1886. 
Jacobson  :  Univeraeller  Riesenwuchs.     Virch.  Arch.,  139  Bd  ,  1895. 
Jordan:  Pat  hoi. -anat.  Beitr.  z.  1  lepliantia.sis  congenita.     Beitr.  v.   Ziegler,  iii.,   1890. 
KiwuU:    Zur   Casuistik   der  halbseitigen   Gesiclilshvpertrophie.     Fortschr.   d.   Med. 

viii..  1890. 
Klein:  Pubertas  pmecox.     Dent.   med.  Wneh  .  1S90. 
Kussmaul  :  Ceschlechtliche  Frulireite.      Wlir/.b.  med.   Z<'itschr.,  1862. 
Lesser:  Hypertrichosis anomalis.     Z.  f.  klin.  Med.,  41  Bd.,  1900. 
Mitwalsky:  Hauth(\rner  der  Augeiiadnexa.     Arch.  f.  Derm.,  27  Bd..  1894. 
Nonne:  Elephantia.sis  congenita  hereditaria.     Virch.  Arch.,  125  Bd.,  1891. 
Poisson:  Hyperostose  dilTuse  des  niaxillaires  superieures.     Sem.  med.,  1890. 
Poumayrac:  fit.  sur  ri.ypertrichosis,  Bordeaux,  1893. 
V.  Recklinghausen:  DiC  multiplen  Fibrome  der  Haut,  Berlin,  1882. 
B6na:  l(;htl»yosis  ini  JUnglingsalter.     Arch.  f.  Denn.,  \xi.,  1889. 
Spietschka:  Ueber  Elephantiasis  congenita.     Arch.  f.  Derm.,  xxiii.,  1891. 


ACqriRED    HYPERTRCIFKY, 


267 


Trelat  <  l  Monod:  ]>©  riiypirtr^jpljir  aiinljOi'mln.     Ardi.  gCa,  tin  lutd.,  IJ^tiU, 
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^77.  Tht^  hypertrophies  of  the  tissues  due  wholly  to  extrinsic 
influences  without  the  aid  of  a  con^^enitat  predisposition  owe  IIm:*!!' 
uri^nii  eitiit^r  lu  iiii  iuci'tnLst*  in  Iht*  ailhily  of  llir  tissiH\  iu  diiniuisltril 
ust\  defective  retio^nide  eluuige,  *>r  Jiiuilly  to  proknif^ed  or  frequently 
reiK^jited  ineehiinieaK  elieinical,  and  int'ectiinis  irritations  of  the  t issuers. 
Under  (vrlain  eoudilionH  the  removal  td'  pressure  may  also  fjjive  rise  to  a 
localized  hyi>erlrophy. 

Hypertrophy  from  overwork  is  most  frequently  ol»S4*rved  in  the  case 
of  mu^cIrH  and  [fttftuh^  l)Ut  may  oeeur  also  in  ottier  tissues.  If  the  ht'art  is 
called  uijon  to  do  aji  extra  anuniid  of  woi'k  as  the  result  of  disea^sed  eon- 
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ntf iifKsIs  anil  lnst*Ott'lftH*y,    n,  r.f fi,  h.  Hie  riu.hi  VL-iiirrckr.     I*tiiiir*^l  ^'b. 


ditionsof  the  valves,  aorta,  or  kidneys,  and  if  sueli  conditions  exist  for 
Home  time,  that  part  of  the  heart- mnst*le  npiHi  wlii(»h  the  extni  work  falls 
sidVej's  ji  inorr  or  h^ss  promninet'd  hypertro]ihy  (  Fi^^  \^S),  so  lliat  as  a 
ri\sult  tlii*  mass  of  tlie  hearl  niay  rt*ach  tliri'tdnkl  that  ttf  the  iiiiriuaL 

In  Ji  similar  niaruier  tin*  Htrintnl  manclm,  ami  thr  uitfifnped  mmcff  of  the 
hfatftkr,  urfterM,  utrnttt,  iiitrsiiur,  tftaf  hhnKlvf',s,stLs  may  betM^me  hypertrophic 
as  the  I'esult  of  ijei-sistent  increasi*  in  thi^ir  aetis  ity. 

As  t lie  n*suli  of  an  increase*  t>f  tlie  supporting  strain  from  whatever 
cause  the  bontH  may  Ix'coiiu*  thiek*^ned,  and  the  bony  tralK-enhe  of  the 
UNiKlullary  }H>rtiou  lK*eome  iiien'as*^!  in  size. 

Of  the  gkffuh,  Ihe  lifbirtffi,  and  Ifrrr  in  partieular  are  able  to  chauK« 
their  size  according  to  the  functional  deinamls,  and  may  ctms*»qnently 
present  a  marked  hypertrophy.  Should  one  kidney  Ih*  di*stroyed  the 
ix-mainiiij^  one  may  become  so  eiiiargeil  that  it  may  reach  appr<)ximately 
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the  same  weight  that  the  two  kidneys  together  originally 
Likewise  the  liver  iifler  a  destructioti  of  n  part  of  it.s  parench^Tna 
Ihroiijxli  (liseast>  iiiiiy  luake  goml  its  Inss  by  a  hypertrophy  of  the  reinaiH- 
iug  tissue.     Siuce   in  this  way   a   t*oiiiiHMisaln>ij   for   the  def4*rt   ami  a 

rt^storatit^n  uf  Ihi*  normal  fmnrtion  is  bron«jhl 
about,  sn**h  a  tissia^  iiicn-ase  uiay  L>e  a[)* 
pnipriately  designated  compensatory  hy- 
pertrophy* The  same  term  may  also  be 
a|>pli**d  to  muscle  hypertrophy,  if  through 
it  fuuetioiial  dist!irl»arjces  are  t'ompensalinL 
A  si  lu  i  1  a r  eo  i  n  pe  1 1  sa  t  o  r y  h  y  pe  rt  r *  >  pi  i  y  i  s  s;  i  i  ( I 
to  oeciir  als4j  iu  the  rase  of  adrerjul  tissue, 
lu  the  case  of  other  gluiuls,  sueh  iLs  Uie 
salivary  g hinds,  oxaries,  testicles,  and  mam- 
njaiy  inlands,  stu*h  a  etmipeusalory  hyper- 
ti'oi)hy  either  does  uot  oceiir  at  all,  or  takes  plare  only  during  the 
peric*d  of  develtipnieut.  Tlu*  loss  of  an  ovary  or  testis  in  adult  lite  ean 
hai'dly  result  in  an  incrtnisiKi  aetivity  or  liypertrophy  of  the  i-eiuaining 
organ,  Extirjiatiou  of  tlie  larger  part  of  the  tliyroid  gland  is  not  fol- 
lowi^l  by  any  pi'onouiK-ed  hypertrophy  of  llie 
reniainhig  jiurtion;  bnl,  on  the  other  hand,  the 
hyim]iliysis  undergoes  an  enlargement  which 
nuist  be  regarde<l  as  compeus;itory.  In  the 
ease  of  the  fntif/s,  an  inereas*"  in  tlie  aetivily  of 
one  portifui  after  the  loss  of  other  parts  re- 
sults us!ially  in  a  i>ennanent  overdistention 
whieh  may  lead  eventually  to  atrophy.  On 
the  oilier  hand,  if  during  embryt>uie  life  a  de- 
feet  ive  development  of  <uie  lung  takes  plaee, 
the  other  lung  nlay  inulergo  a  ernnpeasalury 
growtli,  which  in  the  ease  of  total  agcMiesia  of 
one  lung  may  reach  a  very  prononnced  tlegree. 
For  the  otlier  organs  the  genei'al  ]Hint*iph^ 
may  be  api^lied  that.  eoui])ensatiiry  liyi>ertro- 
phy  is  the  juoie  i>erfeet  the  yfuuiger  the  ituli- 
vitiual.  In  tlie  (*ast^  of  the  brahi  a  eompen- 
satory  growth  rtf  one  part  after  tlur  loss  of 
another  is  pi»ssible  only  during  the  early  stages 
of  (levelopiuf^iit. 

Hypertrophy  from  lessened  use  oecnrs  in 
the  ease  ot  tissues  whi(^h  are  sulijeeted  to  a 
eonstaal  usi\  Thus,  f*u'  example,  a  dimin- 
ished desqnajaiitiou  of  the  horny  la>er  of  the 
ei)idermis  leads  it*  its  pathological  thiekeniag. 
If,  as  the  result  of  tlie  destruetit)n  of  an  op- 
]HJstng  tooth  or  an  oblique  pasition  of  the 
tei*th,  the  incisor  teeth  in  rodents  are  uot 
worn  down  by  use,  they  may  gro^v  ont  into 
hiug  and  curved  tusks  (Fig,  l-i9).  Likewise 
the  finger-  anti  t< it*  nails  m;iy  reach  an  ab- 
normal siae  eith**r  from  hick  ut'  wear  lU"  from 
lM4iig  left  nni'tit.  Hypertrophy  due  to  de- 
fective   retrograde   change  nccurs   iu  cngaiis 
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FIG.  I4<t*— Klfphnnu-iis  i^'nititua 
S}]tiiHi«tri  nliuMi'f  11 ) t^an* of  iiifi'.  r  Af- 
ter UtliinuuDn, Ikufiiih^  mrd.  Wtt- 
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period  uf  physiological  growth  nn*lergo  a  diminution  iu  size. 
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ample,  the  uterus  after  pmgnaiiry  may  ivuijiiii  abnormally  large  as  the 
result  nf  a  failure  i^f  inviilntidij.  The  tliyimis^daiMl,  which  shonhl  liegiu 
to  atn)|ihy  after  the  tenth  year  of  life,  may  i)i*i'.sist  for  a  iiiuc^h  hmger 
periiMllhaii  iiorTnally.     In  bones  whose  coii%iirali<in  lias  In^eii  brcKight 

about  tinih^r  tlu*  iatbu^iu'i*  of 
the  sarrouiiiliiigs  liy  means 
of  an  nlttM-naliou  of  build- 
ing-np  jind  teariug-down,  a 
lessening  of  pressure  may 
he  iHllo\vt*<l  hy  hyfj(*rtrophy. 
In  kliuts  whost^  bniins  are 
(h- fir  lent  in  si/e  tliere  is  very 
often  seen  a  hyper<»st«>sis  of 
the  inner  surfaee  of  I  lie  l>ase 
of  the  sknll  (t'hiarij.  A 
unilateral  hyperostosis  of 
the  skull  is  assoeialed  with 
a  unilateral  liypoplasia  of 
tbe  bniin. 

Frequently  repeated  or 
tong-protracted  mechani- 
cal, thermat,  chemical,  or 
infectious  irritations  give 
ri.se  to  proliferative  proc- 
ess*\s  leiuling  to  tissuehy- 
perlropbies,  whieh  aeeord- 
ing  to  tlieir  etiology  and 
eonrse  must  be  regarded  as 
ehronie  intlanunatinns:  and 
i>ueb  new-l\>rmalitois  of  tissue 
1  n :  ly  the  ct  *  U » i  e  1  »e  rt ^g< 1 1  d e ( 1  as 
an  inflammatory  tissue-hy- 
pertrophy. They  an*  ehar- 
aeti'iized  very  often  by  the 
faet  that,  in  the  eidargement 
of  Ihe  organ,  not  nil  td"  ils  parts  are  ecpially  involved  in  tbe  hypertrophy  ; 
but  certain  indivitlual  elenu^nts,  usually  tbe  eonnective  tissue,  oeeasion- 
ally  also  the  epithelium,  undergo  liypertrophy  to  an  esp**eial  degive,  so 
itiud  the  HtrtiHun'  of  the  otr/an  (skin,  gland,  ete.)  hs  no  tom/rr  whofhj 
tifpicaL 

If  the  skin  Ls  frequently  snhjected  to  meehanieal  irritation  and  press- 
ure* a.s,  for  example,  tbe  tm^s  through  an  ill  tiMing  boot,  theie  may  arise 
in  eoiis4Hpienee  tliiekenings  of  tbe  horny  hiyej' of  tbe  eiiiderinis  known 
US  cttlhm  ur  rorn  (rfnrn^),  Pn>hMiged  in'itati<ni  of  the  skin  in  tbe  neigh- 
borhood of  the  genital  t)]H^nings,  eaus*Mj  by  gt*norrlKeal  diseharges,  may 
CsuiS4^  a  u»ark<*d  elongiiticoi  and  branehing  i)X  the  pa] n Ihe  wiHi  an  aeeoui- 
pauyiug  thi(*kening  of  tbe  epiMieHum,  leading  to  the  formation  of  tbe 
wartv,  eaulilhivvei  like  gr<nvths  known  as  rraryval  worlH  or  i-omit/itotHfta 
ariiminfttft,  ('Jucniie  intlaniioatiojis  of  the  eoriiun  and  snl»eulaneons  tis- 
istie,  due  t«)  infi'ttion  or  to  animal  ]»arasit4's  {  Fihtna  lianrrofti),  not  infre- 
fjUenlly  give  rist*  t(»  exb-nsive  lilirous  hypertro]>hii*s  of  the  tissue  kn<>wn 
as  rhphanthwh  {  Fig,  !  40).  Sin-b  ehc^phant  iasie  hy  i»ert  roph ies  of  t  he  I  issue 
may  attain  extiaoidinaiy  proportions.  In  a  similar  nranner  tliere  may 
tveur  in  tbe  b(njes,  as  the  ifsult  of  ebronic  infeetions  proeesst^s  (sypbilis. 
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iur  example),  exleusive  hypertrophies  ehai'iicterizetl  by  au  increased 
ft  >  J  "1 11  at  i  c  m  of  brj  n  e  -  s  ii  \  »sl  ai » ee . 

Ill  Ihe  !uajt^ri1y  <»f  c;tses  of  those  tissue-hypertrophies  which  ap|>ear 
duriuj;-  Ihi'  eoiirse  nf  life  tts  required  fornialitHis  caused  by  external  iidlii- 
eiices,  Way  cama  rffiffrm  may  lie  reeo^iiized  witli  more  or  leHS  certainty ; 
hut  thuiH*  are  also  many  castas  in  which,  at  tlie  ]ires4-iit  time,  tliis  is  eitiier 
whnlly  imptjssilile  or  possible  oiiiy  to  a  limited  extent*  Ftir  exaiii[de. 
thei*e  occur  rnhirffemfni,s  o/tha  fipiern,  and  of  the  fiimphifdrnoid  (imHe  of  tht* 
lyinph-irlands  and  of  file  lymph  nudes  in  tlie  inueoiis  Jiiembranes,  which 
are  of  the  nature  of  hypertnipliies,  Mhose  causes  we  are  iinaljle  to  reeojf- 
nize.  Very  imperfect,  alsn,  is  our  knowledge  conceruin^^  the  etit>loj^y  4>f 
the  f'lihtrf/f'tHrtttrS  of  ih^'  dLsfaf  pftrfiofLs  of  fht^  rjimnifh'H  ( Fi^,  1-tl),  res*^m- 
bling  partial  <;iaHt-^^rnwtli,  which  have  lM»im  dcscril>cd  as  acromegaly 
(Marie),  pachyakria  (vnn  IJiM-kliiij^diaustMi  t,  imd  out/ wtrthropafh  ir  lujptr- 
trophkudf  (yiiivw).  In  a  part  nf  th<\.si^  cases  there  are  an  assiM'ialiMl  rn^ 
larp^uieul  f»f  the  bones  ui  the  fai-e  and  drtoiinities  of  (he  spinal  column. 
Thrsi*  chanj^es  a]*|>car  usually  in  ymitli  or  middle  age*  rarely  in  old  a^e, 
and  sliow  a  gradual  development. 

So  far  as  anatmuical  iin  est  i|^^at ions  have  b<^eii  able  to  throw  light 
uptm  this  quest  inn,  llir  patholo«,d(*ui  clnm^e  consists  in  au  iucreas**  of  all 
tb(^  tissut's  i\i!  the  lerndual  jjuitinns  of  thi*  extnnnities  and  uf  tln^  fai'e,  in 
[*artirular  nf  tlu^hony  |»arls,  in  that  tin*  bones  iMnune  thicker  \  Ki*^,  142) 
and  at  tlH*,s:Liue  tiiat*  Iwcmnc  the  s^^at  of  nmnded  ur  pointed  exnstos«\s. 
<  hi  tin*  nther  hand,  au  increas*^  iji  tlie  h^n;::tli  of  tlie  b<mes  has  not  y**t 
l>een  demonstrated  with  ceitaiuty  in  tliis  distrust*  (^von  Itecklinghausen, 
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FKr.  14*J.— Rkelet4»n  ut  the  lianrl,  wltlj  tiypc^rlmpblo  Uin*^  fmrn  the  case  of  ai<i^)m«fraly  plilurrni  in  KIw.  HI. 


Arnolds  The  disea.^  sii^ijests  those  chaiiji:es  which  are  seen  as  the  re- 
sub  of  certain  intnxi*'atinns  *ir  infectitms,  for  examjde,  sy^jhilis,  lad  it 
is  not  iMJSsibh*  id  iln-  pirsmt  tinn/  tn  assiiin  It^  it  any  detinile  cause. 

The  cjiii.se  «ml  luiture  f»f  the*?f*  patlnjlo^inil  |ilHn>nn>emi  arfMts  yoT  ohscuro;  antltlic 
tenns  mentioned  alxnc^  nri-  not  tis^nj  |>y  uU  .luthuTs  with  iht*  siiirie  nieitnin^.  In  iU^r- 
nuiny  the  tlesi^nution  acruniegaly  is  a|»|«litHl  tu  all  farms  tvf  t'lilar^Miierit  o{  tht*  eiuLs  of 
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the  extremities  which  lead  to  a  paw-shaped  deformity  of  the  hands  and  a  gigantesque 
appearance  of  the  feet,  while  A/ane,  who  first  described  these  conditions,  attempts  to 
draw  a  sharp  line  between  acromegaly  and  ost^oarthropathie  hypertrophiante.  He 
holds  that  in  acromegaly  the  hands  and  feet  are  not  deformed,  but  are  symmetrically 
enlarged,  the  thickening  and  broadc  ning  diminishing  toward  the  tips  of  the  extremities, 
so  that  the  terminal  plmlanges  of  the  fingers  and  toes  are  but  slightly  thickened,  while, 
on  the  other  hand,  in  cst^oarthropathie  hypertrophiante  the  termmal  phalanges  are 
enlarged  so  as  to  resemble  drumsticks,  and  the  articular  ends  of  the  bones  are  irregularly 
thickened.  In  the  first  affection  the  lower  jaw  is  lengthened,  in  the  latter  it  is  thick- 
ened. Marie  believes  thdt  in  many  cases  ost^oarthropathie  hypertrophiante  is  a 
sequela  of  inflammatory  affections  of  the  lungn  and  pleuraB,  and  designates  the  con- 
dition accordingly  as  ost^oarthropathie  hy|>ertrcphiante  pneumique,  and  holds  that 
the  connection  between  these  processes  is  to  be  found  in  the  taking  up  into  the  body- 
fluids  of  poisonous  products  from  the  inflammatory  foci  in  the  lungs,  so  that  the  affec- 
tion of  the  bones  is  to  be  regarded  as  an  infectious  toxic  hypertrophic  inflammation. 

By  other  authors  the  causes  of  acromegaly  and  osl^oarthropathie  hypertrophiante 
are  to  be  sought  in  a  congenital  predisposition  (Virchow),  in  disturbances  of  the  sexual 
function  (Freurui),  in  a  diseased  condition  of  the  hypophysis  (Henrotf  Klehs,  TamburxT^i, 
von  Hansemann,  BeruJa,  Stei^ens),  in  persistence  of  the  thymus  (Erby  Klebs),  or  in 
nervous  influences  (wn  Recklinyhausen);  but  none  of  these  hypotheses  is  adequately 
supported  by  anatomical  and  clinical  obser\'ations.  The  frequent  association  of  acrome- 
galy with  tumors  of  the  hypophysis  of  different  kinds  has  been  definitely  determined, 
hut  the  character  of  the  tumors  in  some  cases  would  indicate  an  increase  of  function, 
in  other  cases  a  diminution  or  loss  of  the  same.  Cagnetto  is  therefore  of  the  opinion  that 
a  primary  disturbance  of  metabolism  underlies  the  condition  of  acromegaly,  so  that  both 
the  bones  and  the  hypophysis  are  stimulated  to  hyperplastic  proliferation.  Although 
the  investigations  made  up  to  the  present  time  do  not  permit  a  positive  conclusion  as 
to  the  nature  of  these  conditions,  they  show  that  they  do  not  represent  an  excessive 
growth  similar  in  nature  to  a  partial  giant  growth,  but  are  acquired  diseased  conditions, 
which  develop  either  as  independent  diseases  (acromegaly,  pachyakria),  or  as  sec- 
ondary phenomena  in  the  course  of  other  diseases  (ost^oarthropathie  hypertrophiante 
pneumique). 

The  cause  cf  the  nodular  hypertrophy  cf  the  thyroid  gland,  occurring  so  fre- 
quently in  many  regions,  is  wholly  unknown. 
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bi*  broii^^lit  uhoiit  by  an  enlargeineut  of  exist iufj:  paKs  of  et^lls  (refjt^nera- 
tioii  of  axis-oyliiidt*rs),  biil  it  is  UMuallkfikf  remiHt}/  71  etc  formation  of  reUn^ 
which   *n^t?  in  ail  ntxtft  fhrottffh  fftr  diviHiitti  0/ pn:i'j'ixiin{/  cfffH. 

JU'lfiHn*r,itkm  {iit\siip]Hises  thnt  tlie  injured  tissue  is  capable  of  pro- 
liferalion,  and  is,  iin»rtMjV4'i\  a  jiIhmkiuhmhih  w  hieii  is  in  nil  rsisi's  <lr]>riid- 
eiit  itpHii  extrinsic  causes.  In  tin*  fully  <lrvt*lnp(Ml  nrpiuisiii  in  whirli 
the  diflereJit  tissues  and  urpiiis  lia\o  ivut-lii'tl  tlieir  nltiniale  iliHVr€*nti;i- 
tioii,  t'ach  fixjtut'  run  pn^dttrt'  t)i{ftf  itrtr  iixjiiit'  uf  itn  own  or  it  ihrnchf  rtfutvd 
kind.  T)i<*  specificity  of  the  tissues  is  of  sn  dei'idt*tl  a  natiin^  tliat  cpi* 
tbelial  rflls  can  ncviT  i^ive  riso  to  connective  tissue,  nor  can  the  latt<n* 
ever  prijduee  e|>iilu*liiini.  Ectodermal  crlls  ciuniot  pni(lii4'e  iulestinal 
epitlieliuni ;  kidney  epitlieliuni  can  ]>iM)(luce  only  erlls  lia\  in^:  the  charac- 
ter of  kidney  epitheliutJi,  lad.  nevrr  livtT-eells  or  tlmse  uf  niucons  jilands, 
or  ciHinective  tissae.  >rnscle-tissae  cjia  arise  oidy  fnna  niusi  IV  cells. 
Nerves  and  neuroglia  can  ni'ver  arise  from  ciinnertivc  tissne.  Only  cells 
wliich  are  \cry  closi^ly  rrlatrtl  t*i  I'arh  other  c:in  ariM*  frum  I  he  saan^ 
piirent'tissne  or  ii;iss  intu  each  nthcr.  Tims  tin'  efninri'ti\  <'  lissne  of  tlie 
periosteum  can  t>i'*»dnce  either  (ndinary  «*onne<'tiv4*  tissue,  cartilapr,  or 
bone — tbiit  is,  tiasucs  whicli  are  ch^sely  rehded  t*i  each  otiier,  and  winch 
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rio.  14a— The  slJltiH>«'rtH'in*f  a  lapurounuy  woumt  sixteen  liny*  old  (Mmier's  HuUI,  Viin  Glf"«ion*s>, 
^  B|iUMdtUtti«  hn  orirlutu  I  i\  Kutk'irtiiiiMUJH  fuJliXMie  tissue;  it,  Hciir  Jn  mrluiu;  t\  Dew  epilbfUutii;  /<.  M'ur 
111  idlpoie  UsKiM^.    X  'J8. 

may  be   regarded   a^  dilTerent    modificatioiis  of   the   connective- tissue 
substance. 

In  tixHue  dcfedM  in  which  onhf  mn^lecHh  arc  itpft  (as,  for  example,  in  I  la* 
bwvs  of  siti};le  Ciaraectivetissne  cells),  or  in  the  case  of  u  more  extensive 
destruction  i»f  cells  trifhtntf  ttn  itthrniptitm  in  (he  vontinnitij  of  the  cottntrtivf* 
IS 


274 


THE    PROGRESSIVE    CHANGES. 


Uxiiue  of  (he  hhH}tl'Vei<Hf'lH  (ii»  the  loss  (if  InraliziMl  areas  of  the  siirfaeo  v\A 
theliuiu,  or  a  ^I'oup  uf  ^land  rdls  ur  of  ])iilmi>iiary  e]>itheiiiiiu),  a  com- 
plete   regeneration,  a   rfstitntfo  ad  intfi/rvfti,  laay   take    phuns  aud  tlit* 
tissiH*  l)f  ivstotrd  to  a  coudition  ('tJiTespoiidiiit^  in  all  resjxH'ts  to  tliat 
existiog  before  tlie  injury*     Ajhr  all  htjurirg  in  whk'h  ih*'  vontiumiy  of  the 
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FJfi.  in,-Ht'alln(riili'*T<jr  tli»-ym)ili  liiteMt!m\  wiLh  ft>ni(Hil<m  of  n<?w  <rl«ti<l-tiil>wi  in  tJieprollf«niiitig 

malnf^  of  tlw*  ll<N>r  <^l  Ni<*  iik-^^r  uol  yet  (•<>VHrvd  ovt^r  wlLti  t^piilieilurii ;  (/»  ovt^rtiaTm^liiK  wl^**  f>f  th«  iiltief ;  U^ 
IKirtlon  (if  lliHir  nf  ulrer  (v»vr'r»*d  w  Itli  epillietlutu ;  i,  ii*^wly  roriii*?il  kIhuHs  Iti  tlit?  SJuLttiiucosiu  :  K,  deep  ervpt 
liued  wilbepllbfllum-     >'   |H. 


mcMHitrmal  mpputihifi  tixHiie  Is  brohen,  entber  ^vi^h  or  withiuit  an  associated 
injury  to  tissues  of  eato-  and  eet(KleriJial  ori^dn,  the  regeneration  is 
incomplete;  in  that,  at  tlin  point  of  injury  tliere  is  fojrued  a  tissue 
wliieh  departs  more  or  less  from  tlie  iioriual  strueture  of  tlie  affeeled 
pari,  and  sh*nvs  a  ujort*  or  h*SiS  luarkeil  loss  of  fuiielioual  eapaeity  as 
<'ouipaied  to  the  iKU'uial  tissue.  In  general  tliis  tissne  is  a  newfoiiuatiori 
of  couHrriire  iixsftr,  dt^si^nialed  as  a  scar  (Fi^*  1  l.'t*  d)  or  cicatricial  tissue* 
ill  indivitlual  oi't^aus  (a8  in  thi*  heail-uiusrh^j  alstp  called  -a  ai/ltmttf,  the 
new  connective  ti-ssue  resend^linjs:  other  foruiatitnis  of  ctMinective  tissne, 
bnf  not  wholly  identical  with  tlir^ui.  In  the  course  of  time  it  comes 
throii^lh  a  ^nidual  chanj^^e  UHKre  and  more  to  ix^seuihle  normal  tissue. 
Defects  of  the  ski'lelou  are  replaced  by  scar-tissue  winch  arist^s  from  the 
p<M"io>teuuj  aitd  r!idosti'uni,  aud  by  \irtue  of  the  peculiar  |irnpcrties  of 
these  tissues  tbc^re  develops  a  ncwdorruatiiui  of  hii)(t'  fisHfw  within  sncli 
scars,  the  strm^ture  comin<j  to  rpseiubb*  cb^svly  tliat  of  nornuU  botie. 

In  matiy  casi^s  the  rivafrtrNtf  f issue  (*onsists  purely  of  vasrithniznl  roii* 
vrefhe  iiHHHe  iVi\s^,  14:1,  f/),  whirli  later  becouies  enriched  only  tbn^ngli 
the  in  ^^rowth  of  tterve-Jihres  aud  the  gnidiuil  (leveli^[>iJient  of  ehtdtc Jlhrm. 
8i'ai's  borderin;^  n]Hjn  ectodermal  or  entodernud  tissue  may  l>ecmiie  cov- 
ered by  a  new-frtiiuatiou  of  epitludiuui  (  Fij^-  143,  c).  Occasionally  tht* 
f*tnietnre  of  cicatricial  ti.ssue  may  undergo  a  furthci-  developuuMjt,  in 
that  Hpeelfie  liHHurformitiitnm  (^itlier  fjmw  hifo  H  seeimdftnhf  or  are  pren^riy'd 
in  it  (fH  renutitt^  of  ptt'exmthiff  afmetnrrfi.  The  tirst  jHficess  occurs  most 
fretpienlly  in  scars  of  the  mucous  meudn'irue  of  tlm  intestine  (Fi^.  1  It), 
aud  ii(  glands  in  the  neighlKuhood  (d*  their  excretory  dncts,  autt  in  scara  , 
of   luuscle    (Fig.    145),      In    defects   of   mucous   meud)ranes  which  aiB 
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replacf'd  by  sears  fnniied  through  the  prolifei^atioii  of  eoimective  tissue 
(Fig.  144,  b,  /'),  the  siiifaee  is  first  eovered  with  epitheliinn  (//,  h,  k), 

later  there  de^elup  epitheiiiil  iii- 
growthi^i  whicii  In^jir  the  eh:n:ieier 
of  tubular  gkiiid.s  (/).  iilaiid-diirts 
(bile-diiet.s,  duets  of  the  sidivary 
glands)  may  grow  into  the  develup- 
ing  sear-tissue,  and  ti»rui  new  tubes 
or  only  soUd  cords  of  cells.  Hueh 
a  new  to  nn  at  ion  of  gland -duets 
may  occur  not  only  in  the  uei*i:h- 
borhood  of  tniuiuatic  injuries,  luit 
also  in  the  course  of  hiernat(ij2:enons 
iuflauHuations  of  the  glainls  iu 
question. 

A  uew-fornuition  of  gland  tissue 
proper  in  t!ie  neighborhood  of 
seal's  is,  on  the  other  hand,  want- 
ing in  the  ease  of  the  niaj^irity  of 
gkiiids  (liver,  kidneys,  testicles, 
ovaries,  thyroid,  laaininary  gkiudSj 
and  luiigs).  Oidy  iu  the  eas*>  of 
the  salivary  glands  does  thi^  de- 
velopnient  of  the  uewly  ftu'med 
duets  lead  to  the  forujation  of 
glaiHl-lohules, 

In  rnnscle-sears  (Fig.  145)  new 
nuisele  tihres  (d )  grow  from  the 
ends  of  the  old  ones  (a),  and  |kuI' 
etrute  into  the  sear-tissue,  so  tliat 
the  scar  be<*0Tnes  gradually'  re- 
plac^ed  by  niusele. 

The  ]»reservation  of  remains  of 
si»eeilie  tissue-eleiuents  in  the  area 
of  cicatrization  may  Ix^  ol>sei  ved 
in  the  case  of  both  niuselrs  autl 
glands,  esj)eci:dly  in  the  prrifdiery 
of  traumatic  injuries  and  ameuiic 
neer*KM/s  (Fig.  1 1*»),  and  in  most 
Ciises  also  iu  infectious  foci  of  dis- 
ease* The  preservt*d  glaiid-rernains 
within  the  S4/ar  usually  prestMd  an 
atro[diic  cirnditiou  (Fig.  1  bl,  ?/), 
but  islands  of  normal  tissue  (d  ) 
may  also  be  enclosed,  an<l  there 
arises  the  pi>ssihility  that  such  may 
undergo  a  ctujipensatory  growth. 

Ill  iidlaniniatory  iH"ticess<\s  in 
glandular  oigans  whit  h  are  char- 
acterized on  the  one  hsmd  by  the 
destryetion  of  tho  s]hh' itif-  ]>aren- 
chyma,  and  *m  the  other  by  a  iiew- 
f(«nnatioti  of  couiiective  tissue  having  the  character  of  sear-tissue,  tJiere 
are  offiMi  Bevn  in  the  diseas^^d  area  new -format  ions  of  sear- tissue  con* 
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fiQ.  14%    S*iir  of  ima9«*le  mud  t<*inl(>n,  tlilrty-two 
Fdi*  nid    nMrntiiintr^H  aolutlfHh  Van  itlf-sini'sK    ri, 
^.  iiniilon;  e,  «iir:  if,  uewly  ft*riri«Hi 
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taiuiuj^  atrtjpllie  reiiuiiiis  of  the  gland- tissue,  and  l>etween  these,  islands 

of  uniijjnn^ti  inland- tissue*  iu  a  rondilioti  c^f  liyiiertrnphy. 

Tho  mass  of  the  scar  is  4uily  rarely  **<jU!il  lo  tlic  mass  of  the  tiivsue 
lost,  and  there  iiersists  after  the  h^ss  ijf  eoiisidt*rahle  anu)iint  of  tissue  a 
more  or  k^ss  marked  tissue  defect.  0\er  eiieniuserihed  areas  tif  tln^ 
surface  of  the  iSkio,  muciHis  uiendmmes,  or  of  glantls,  the  brain.  v\v., 
sueh  a  defeet  gi\'es  v\se  U)  ii  Hrafnriai  drpreHfiiou.  Xumerons  cieatrieial 
defects  iu  au  orpiu  luay  occa>;ion  uu  atrophy  of  the  Siime  eharaeterized 
by  au  in*e^uhir  eoutiju^uratiou  of  the  surface. 

The  hiss  of  the  tissues  rn  imrmc  of  kirger  portions  uf  the  l>ody,  as,  for 
example,  a  ti^e  or  a  toejcnnt,  isioniau  nerer  iUfiilu  rtphirrd,  Sueh  do- 
feets  aie  only  ek>sed  iu  by  sear-tissue  \vhi*'h  ou  the  sniK*rlieial  parts  of 
the  iMKiy  Ijecomes  covered  willi  surface  epitheliiuu. 

The  regenemtive  capacity  of  tissues  ia  in  mnn  anrl  tlif"  mamiiml^  ^HltIu  an  the 
wtiolo,  llii'i  is  d(  |u'iid<  nt  iijmhi  tli<'  frirt  tluil  the  inclivuluHl  lisRiies  sIkjw  a  vltv  higli 
deijrfe  of  dilTeri-iiHation,  mid  that  idso  in  llw  eviiit  of  proliftTatiaii  tliey  On  not  Ilw  tliis 
ditfrniitiariifri  tu  Huvh  an  i^xtrat  as  la  rt^vert  to  so  emliry*aaU  a  state  that,  like  the  ceUs 
of  itie  emliryttuitl  mi\ng(%  llu-y  are  ahh*  lo  prtKhice  diltereht  forms  i>f  tissur.  hi  sjiite 
of  this  liniitaiion  the  r*';*'*'iu'nitive  jiowers  of  the  tissues  in  jt^enerul  are  siiffirient  to 
restore  the  cooliDiiity  of  the  tissues  and  to  preserve  iiitAict  the  external  eoveriiig  of  the 
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Flfi,  HfL  PeH|>heml  'jumv"  nf  an  frntuHli'  scur  (MiltkT'M  tltjid,  hlPmal^;Jxylir^  and  ift*Mu\.  <i.  iSt-iir  jiIjiiw- 
Inir  <ihlU**nii*Hl  fflomernli.  liur  iu»  tubules* :  h,  Imlumu^l  iLssuri  with  atrophir  ntbnk^s,  the  tfloiueruU  i*t^latf 
pr*^5*er\eU  ;  t\  annikid  rortlciil  tlp>sin^;  d,  Itttiinil  of  iitirtual  liibiil^i^s  In  the  sj'ar.     >  ^il. 

iMwiy,  If,  as  the  regolt  of  a  loenl  hiss  of  ti.s,siie.  the  hTe  of  I  he  i>r^iiiiiftm  he  endao^^-ered 
IhroiiiL^h  ilie  inabihty  uf  the  local  tissues  to  resTnre  thr^  li>st  ymi.  there  e\]j*is  itj  the 
cas*'  of  jiiany  organs  and  tissues  (liver,  kidneys)  the  ptnver  of  eonipetistiting  for  sueh  a 
loss  thron^rh  ttie  growth  of  tJie  reinali^^ug  tiuniml  tissue. 

hi  tile  lower  animals  the  pnwer  of  tissue-rejj:eneration  is  mtieh  p:re4iter  than  in  the 
Cast^  t>f  the  iiiaauimlH;  itnd  further  is  iniieti  greater  in  I  lie  earlier  stages  of  ontMgc  nesis, 
8*)  that,  ia  many  animals  (tritons^  aseidians,  erhinodernis,  teleostsK  tlic  tirst  Iwn  or  even 
the  tii"st  four  si'gmeatatttai  crlls  slid  pnssess  the  pi>wer*if  fonnintr  ^*r'  eiitrre  einbryn. 
Insects  possess  dunag  tla*  lurval  state  a  very  marked  power  «d'  regenemtion,  whieh 
ktt'ir  ia  hist. 

hi  the  eaH4>  of  proto/oa  eaeli  aiitauit  jiiay  qnickly  Rupplena^at  itst»lf  thmugli  divi- 
fiU*a.  In  tlir  I  ase  tif  (la- fresh- wiiier  polypi  small  friigrnenls  of  the  twHly  nrny  develop 
again  ifOo  liie  entire  aniinal  The  aULde-wnrm  is  aide  to  replai e  either  Its  tail  or  head 
ea<l  vvIh'U  these  ma  eut  olT.     The  WMui- louse  nui  rei>hiee  its  feet  and  an  ten  me,  the  siiuil 
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its  tentacles  and  anterior  extremity,  crabs  and  cravfisli  their  claws  and  legs.  Salaman- 
ders are  able  to  restore  their  legs,  eyes,  and  tails,  and  lizards  and  slow -worms  tlieir 
tails,  when  these  are  broken  off.  In  the  case  of  frogs,  snakes,  and  fishes,  on  the  other 
hand,  the  power  of  regeneration  diminishes  as  the  scale  of  animal  life  is  ascended,  yet 
this  does  not  happen  equally  in  the  case  of  all  animals,  and  animals  closely  related  to 
each  other  may  show  very  different  capacities  for  regeneration.  Further,  in  the  same 
animal  the  regenerative  power  Is  not  the  same  in  all  organs;  for  example.  In  tritons  the 
regenerative  capacity  of  tlie  internal  organs  is  slight.  Moreover,  the  power  to  form  a 
new  portion  of  the  body,  as  a  tail  or  extremity,  for  example,  does  not  prove  that  all 
the  tissues  of  the  portion  of  the  body  in  question  possess  an  especial  capacity  for  pro- 
liferation. In  crayfish  and  crabs  the  regeneration  of  the  claws  and  legs  takes  place  only 
from  certain  places;  in  injuries  occurring  to  other  points,  the  new  extremity  is  thrown 
off  only  at  that  place  where  a  new-formation  is  possible.  In  tritons,  fractures  of  the 
bones  heal  very  slowly,  although  they  are  able  to  reproduce  their  extremities. 

§  79.  The  cause  of  the  cell-proliferation  underlying  all  hyperplastic 
and  i-egenerative  new -format  ions  of  tissue  varies  according  to  the  condi- 
tions under  which  the  proliferation  occurs.  If  the  new  tissue-growth 
leading  to  hypertrophy  takes  its  origin  from  the  anlage  of  the  organism 
concerned  or  of  a  portion  of  the  same,  no  new  stimulus  is  necessary  for 
its  api)earance ;  the  attainment  of  the  abnormal  size  is  dependent  onlj' 
upon  the  condition  that  the  new- formation  of  tissue  does  not  lead  to 
hindrances  to  growth  before  the  full  limit  of  development  is  reached. 
When  the  proliferation  appeai-s  first  at  a  later  period,  something  addi- 
tional is  necessary  to  cause  an  increase  of  the  normal  tissue-formation  or 
to  start  again  into  activity  the  cell-proliferation  which  becomes  quiescent 
at  the  clase  of  the  period  of  growth. 

In  the  case  of  both  hyperplastic  and  regenerative  proliferation  the 
"«r/witi/M«"  may  consist  simply  in  the  removal  of  hindrances  to  growth. 
Experience  teaches  that  the  majority  of  the  cells  of  the  body  possess  the 
power  in  a  given  case  to  divide,  even  those  (connective-tissue  cells,  gland- 
cells,  muscle-cells)  in  which  the  processes  of  cell-division  wholly  cease 
for  long  periods  of  time.  This  cessation  of  proliferation  may  be  ex- 
plained by  the  assumption  that  the  firm  combination  of  the  cells  with 
each  other  and  the  formation  of  the  intercellular  cement  inhibit  f urthe? 
multiplication.  It  is  also  possible  that  chemical  and  unknown  vital 
influences  act  in  the  same  manner.  Injuries  and  degenerations  of  the 
tissues  of  the  most  varied  kinds  can,  through  the  loosening  of  the  cells, 
and  through  physical  and  chemical  changes  in  the  intercellular  cement 
substance  and  of  the  tissue-fluids,  cause  such  changes  that  all  hindrances 
to  the  gro^i-th  and  division  of  cells  are  removed. 

In  addition  to  the  removal  of  hindrances  to  growth  there  may  be 
pre^sent  at  the  same  time  a  formative  stimulus,  which  increases  both 
the  reproductive  capacity  and  the  tendency  toward  reproduction. 
Further,  such  a  stimulus  may  act  independently — that  is,  without  the 
removal  of  the  influences  inhibiting  growth — and  this  event  is  to  be 
assumed  in  those  cases  in  which  after  the  loss  of  a  portion  of  an  organ 
the  i-emaining  portion  (liver,  kidney)  undergoes  a  compensatory  hyper- 
trophy. 

The  stimuli  which  are  able  to  excite  growth  and  cell -division  are 
known  only  in  part.  In  those  cjises  in  which  their  action  may  be  recog- 
nized they  api)ear  to  be  identical  tcith  the  stimuli  which  excite  or  increase 
/uHctiofutl  and  nutritive  activity.  In  the  case  of  the  muscles  hypertrophy 
is  brought  about  by  increast^d  contraction  following  nervous  excitation. 
Liver  and  kidney  tissue  undergo  proliferation  when,  as  the  result  of  a 
loss  of  a  large  area  of  gland-tissue,  the  remaining  portions  are  obliged  to 
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do  an  increased  amount  of  work — that  is,  they  must  out  of  the  circulating 
blood  produce  and  secrete  those  sul)stances  which,  if  life  is  to  be  preserved, 
must  be  given  off  either  externally  or  within  the  body. 

Whether  there  exist  still  other  formative  stimuli  cannot  be  said  with 
certainty  at  the  present  time.  An  increased  supply  of  blood  and  nutrition, 
which  has  been  l>elieved  by  many  to  act  as  a  formative  stimulus,  is  not 
in  itself  sufficient  to  excite  a  new-formation  of  cells  and  tissue;  it  gives 
rise  only  to  an  inorejused  deposit  of  fat.  The  cells  of  the  body  are  not 
fed,  they  ft^ed  themselves ;  and  an  increase  of  nutrition  depends  upon  the 
activity  of  the  cells.  An  increase  of  the  temperature  of  the  tissues  may 
hasten  the  process  of  cell-division  and  thereby  further  tissue-prolifera- 
tion ;  but  it  is  doubtful  if  it  can  directly  excite  proliferation  in  a  resting- 
tissue.  The  local  action  of  heat,  which  has  l)een  observed  to  be  followed 
by  proliferation  (for  example,  in  the  skin),  produces  in  the  first  place 
changes  of  a  degenerative  nature,  so  that  the  occurrence  of  proliferation 
may  be  also  explained  as  due  to  the  removal  of  influences  inhibiting 
growth. 

Whether  there  are  chemicaUy  active  substances  capable  of  exciting  pro- 
liferation, besides  those  present  normally  in  the  body,  cannot  be  decided 
at  the  present  time.  The  fact  that  slight  irritation  of  the  skin  (painting 
with  iodine)  can  cause  prolifeitition  without  preceding  degenerative 
changes  makes  this  appear  probable.  But  it  is  more  probable  that,  in 
spite  of  the  negative  findings,  slight  tissue-changes  of  a  degenerative 
nature  do  occur,  and  that  through  these  the  inhibitory  influences  are 
weakened. 

Moreover,  it  must  be  noted  that  even  the  hypertrophy  of  muscles  and 
glands  following  increased  actixity  cannot  be  absolutely  regarded  as  the 
direct  result  of  a  nervous  or  chemical  stimulus,  but  rather  must  we 
assume  that  with  the  increased  lal)or  there  is  an  excessive  consumption  of 
cell-elements  which  excUes  regenerative  processes,  the  latter  leading  not  only 
to  a  restoration  of  the  parts  lost,  but  also  to  an  increased  building-up  of 
the  cell-mass  and  formation  of  new  cells. 
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§  80.  The  division  of  the  nucleus  and  cell-body,  upon  which  process 
the  formation  of  new  tissue  depends,  may  occur  in  the  first  place  through 
holoschisis  (Flemming),  or  direct  segmentation  (Arnold) — that  is, 
through  a  transverse  constriction  of  the  elongated  nucleus  and  proto- 
plasm without  an  increase  or  characteristic  grouping  or  movement  of  the 
chromatin  elements  of  the  nucleus.  It  appears,  however,  that  the  direct 
division  of  the  nucleus  leads  to  a  new-formation  of  tissue — ^that  is,  to  the 
production  of  cells  which  are  able  to  form  new  tissue— only  when  it  is 
connected  with  that  form  of  cell-division  known  as  karyokinesis  or 
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FIG.  147. 


Fit*.  14I». 


Fio.  1-47.  —Enlarged  nucleus.    Increase  In  the  chromatin  framework. 

Fig.  14X.— Thick,  open  skein,  with  segmentation  of  the  threads  into  chromosomes;  the  nucleoliu and 
nucleiir  membrane  have  disappeared. 

Fig.  U9.— (irouplngof  the  completed  chromosomes  Into  a  star- or  wreath-form. 


karyomitosis  (Flemming)  or  as  indirect  segmentation  (Arnold),  which 
is  chanicterized  by  an  increase  of  the  nuclein  or  chromatin  (Flemming), 
and  a  definite  cycle  of  changes  of  form  and  movements  on  the  part  of  the  latter. 

Usually  karyomitosis  follows  atypical  course,  as  in  the  normal  growth 
of  tissue,  but  deviations  from  this  are  not  infrequently  seen  in  pathologi- 
cal iiew-fonnations. 

A  resting  necleus  consists  of  an  outer  covering^  the  nucUar  membrane, 
and  the  unclear  contents.  The  latter  is  composed  of  a  colorless  nuclear 
fluid  and  the  nuclear  substance.  To  the  nuclear  substance  belong  the  nu- 
cleolus and  scattered  granules  and  threads  which  often  form  a  framework 
staining  with  nuclear  stains. 

When  the  nucleus  undergoes  division,  there  usually  occurs  in  the 
first  place,  an  increase  of  the  chromatin,  and  the  chromatin  framework 
becomes  more  distinct  (Fig.  147).  The  nuclear  substance  then  forms  a 
close  skein,  which  with  the  disappearance  of  the  nuclear  membrane  and 
the  nucleolus  becomes  changed  into  an  open  skein  with  thick  threads  (Fig. 
148),  whose  individual  components  divide  themselves  into  nuclear  seg- 
ments (ITertwig)  or  chromosomes  (in  man  these  number  eighteen)  (Figs. 
148,  149). 

These  st^gments  then  group  themselves  in  the  equatorial  plane  of  the 
nucleus  with  their  angles  directed  toward  the  centre,  forming,  when 
viewed  from  the  polar  aspect,  a  wreath-like  figure  (Fig.  149),  and  later 
a  star-like  figure,  lying  in  the  equatorial  plant*,  which  has  been  desig- 
nated the  mother-star  (Figs.  150,  151),  or  the  equatorial  plate  (Flem- 
ming). 

Sooner  or  later  two  poles  l>eeome  visible  in  the  so-called  polar  field — 
that  is,  two  extrenu»l\  small  i*pherules,  which  are  known  jts  the  polar  or 
central  corpuscles  oyWw  end rosomes.     At  first  these  lie  closely  together, 
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but  later  separate  from  each  other  and  act  a:^  centres  about  which  the 
nuclear  elements  ^roup  themselves.  Between  these  there  is  formed  the 
nuclear  fqmidle  (Fi^s.  152,  153)  which  consists  of  fine  threads  which  do 
not  stain  with  nuclear  stains,  and  converge  in  the  polar  corpuscles.     In 


Fl(S.  150. 


Fig.  151. 


Fiu.  152. 


Fig.  153. 


Fio.  154. 


FIO.  155. 


n«.  l."i(i.— Tonipletely  developed  mother-star ;  polar  view. 

Fig.  151.— Mother-star;  equatorial  view. 

Fig.  1.52.— Stafre  of  metaklnesis.    Single  loops  visible,  their  angles  pointed  toward  the  pole :  delicate 
ipindle-n^re  within  the  nucleus. 

Fio.  l.>i— DauRhter-star;  side  view  (nucleus  l>arrel-shaped);.8pindle-flgure  in  the  nucleus  and  the 
radial  arranfreuient  uf  protoplasm  are  visible. 

Fig.  154.— Daughter-stars  separated :  the  upper  one  presenting  polar  aspect,  the  lower  one  a  side  view. 

Fig.   155.— Daughter-skein  with  line  threads  (above),  and  with  lattice-work  (below).    Completed  dl- 
Ttoion  of  the  protoplasm. 

the  neighborhood  of  the  polar  corpuscles  themselves  the  granules  of  the 
protopliusm  present  a  radial  arrangement,  giving  rise  to  figures  (Fig. 
153)  which  are  known  as  ra if  figures,  stars,  or  aUraeUon  spheres.  In  the 
following  stage  of  division  of  the  nucleus,  a  movement  takes  i)lace  among 
the  chromosomes  leading  to  the  fonnation  of  loops,  whose  angles  are 
directeil  toward  the  pole.  Latel*  the  loops  divide  in  halves  which,  follow- 
ing the  direction  of  the  spindle-fibres,  move  toward  the  poles  and  form 
two  stars  (Figs.  152-154)  which  are  known  jus  daughter -stars.  From  the 
star-figures  the  daughter-vstar  passes  successively  through  the  thick-skein 
and  then  the  fine-skein  stage  CFig.  155,  upper  part)  which  finally  changes 
into  the  nuclear /mm/^rorA;  (Fig.  155,  lower  part).  During  the  later 
stages  of  the  process  of  division  a  new  nuclear  membrane  is  formed. 
in  the  stages  of  the  segmented  skein,  or  later  as  may  l>e  seen  in  the 
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lur;;*^  mirltnihMl  vvUs  of  *'tjld'bloode(l  tiiiiiiials,  there  omirs  ii  lofu/itinlifntJ 
.spfiffhtf/  of  the  v/trtfrnoHomts  (Fh^.  irui).  la  tli<*  ehaiit^e  of  position  of  (lie 
chromosomes  known  as  inefukitH'sis  the  halves  of  the  spilt  thi'eada  sepa- 
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Fus.  irj<L— Moitn-r-«Uir,  with  flmnm)w«imi*sHnlit  lonMliinllruilly.     f  After  Tliihl)* 
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Fill,  LIT.-  MHaklii«-sl}i,    Thv  lialvcK  o*  tin^  ritrfMiif^wmn*!*  urv  M'fiuriittMu:  fr*jni   t^mh  other  nnd  tiimm^ 


rate  from  each  other  (Fijr.  l~u  )  sr>  that  eaeh  (l!Hi<^hter-stiir  receives  half 
of  tin*  sulisturiee  of  eaeli  eiiroiiiostjjiie. 

Tlie  division  ol  the  cell-protoptasm  usually  takes  place  at  the  titiie 
the  <lau^diter-star  eliayj;*\s  into  the  ordinary  iinelear  condition,  and  ei>!i- 
sists  ill  a  etmstriHiioi  and  sepaiatimi  of  the  proloplasm  ( Fi^:.  15,1).  It 
is  prol)id>lethat  a  eoni[>li(*ate(!  intej  relationshi]^  rxistshetween  the  imelens 
and  eel!  prt*to[dasrri ;  hut  the  nac^leus  is  tci  Ik*  i-e;;  iidetl  as  fhr  nutrf  hhfhfif 
orf/(tf(hftt  sftfhsffttirf,  fffi  thf  rrttitT  of  rtHultw  ptftrtttmfttff.  The  ntir/ti  an'  hLs(* 
thf  hvftnrH  of  htrfttih/,  wliile  the  protoplaani  goverjis  the  relations  of  tiie 
eeil  TA'ith  the  outer  world. 

Variations  from  tKe  typicaJ  karyokittesb  may  eonsist  in  the  Jli-st 
phue  in  the  oeeurient-e  of  a  pfuripfihtr  ttirisi^ift  in  plat-'e  of  tiie  bipr^lar,  so 
that  two  to  six  or  more  nnelear  spindles  ajnl  a  rorrespondin^ly  inerejised 
nnndM:*r  of  eqnatorial  plates  (Fi|c.  158,  ft)  may  be  formed,  Furtiier,  in 
plaee  of  the  simple  mother-star  there  may  Ix^  formed  aeoniplieated  figure 
ont  of  the  ehronmtin  hmps,  from  whieh 
several  dan^jfliter-stars  niiiy  be  evolved. 
Not  infretpnMitly  then  oeem'  axipttmHnnil 
(Urixiott^  of  iht' nuefrUJi  (Fig.  ITiH,  /'»  c),  p:ir- 
tieularly  in  tnmors,  bat  oeeasionally  also 
in  regenenitive  or  inliannn:di>ry  new -for- 
nrations  <*f  tissm*. 

There  also  not  infreipiently  occur 
divisitms  of  tlie  nucleus  which  are  char- 
acterized  by  ifhtiormaf  sizf\  (fbifoninff  rirh- 
jiem  in  rhrftmtttiu,  and  mantfoltf  ntnttiiottii 
of  form.  As  types  of  sncli  ili  vision  are 
the  lari^e  oval  or  beajj-sJiaped  <  Fig.  159), 
knobbed  <ir  convolnteil,  h)bn!ate<l  and 
Ivranched    (Fig.     H><>),    wie;dh  shaped^ 

link(*d,  iiasket-shaprd  (Fig.  1**1).  and  oiherwise-shaiied  inielei.  Finally, 
there  are  occasionally  found  in  I  he  cells  more  or  less  extensive,  iuflis- 
tinctly-ontlined  heaps  of  granular  and  lumpy  chromatin  (Fig.  162). 


h,  f,  iiLsymtni*lr}cal  clivi^loti-fUrun's. 
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Such  nuclear  forms,  with  the  exception  of  the  polyiiufleHrleucorytes. 
ai-e  found  piirtieulitrly  iu  the  eells  f»f  the  botie- marrow,  Kpk^eii,  and 
lyni|>h-)j;la!ids,  iiiid  also  in  tiuuors  whieli  Jiris43  f roni  the  iMiiie-marrow  or 
[H^riosteiini,  but  have  heeu  also  nhst*rve*1  elsewhere,  partieularly  iu  sar- 
eoinatii,  Certain  nf  tliese  f«u'uis  are  apjiearanees  due  to  euntmetioii,  and 
have  riuthiu^  Uy  dn  with  rell  divisjuiL  In  (*tlier  tasrs  these  eljaii^es  of 
size  and  furui  [)reeede  a  <li vision  of  the  inieleus  tln'oti;£li  eoustrieiiou  ot 
certiiiu  portions,  tliis  proeess  ot^eurrin^  .soinetiuu^s  widi,  sfuoetiioes  with- 
out ail  iucre;ise  at'  the  ehronuitiu-sub.stauee*  Arnold  has  design lated  the 
division  by  eonstnetirui  wilh  inerease  of  the  ehrouiatiu  as  imiinrt  frag- 
fnentfttiint,  tliat  wit  loud  siieh  iuerease  as  tlinTt  fratjmt'itttttuytL  ludireet 
fni|;nientatinii  dilleis  from  indnsis  or   iudireet  sedimentation  iu  tlie  lack 
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c'^^^i 


S^^^<riiisi* 


riG.  im  Fm;.  161.  FUK  luL 

Fio.  15«.— eeU  *itli  oVttU  sllgliOy  kiiohUMl  iri»til-o«cleU!s  rk'ti  In  rlirorjiiitlii. 


Flii.  1HL\ 


Fio»  Ifltl  —Cell  wtUi  lobiiliitWl  frianWnuii'leiit. 

I'lo.  16S.— CHI  wlUi  lanre  musBai  ut  fhrt>uiiitlD. 
lieUrfto*:  ism  ZiV<;/<t,  VU.} 


¥Hi.  10L.— evil  wlUi  bii«ket-«biipcxl  ^ADt-Diicleim. 
All  Uiet!^  eiHls  frurn  a  Barrurna  nf  lumvi,    iStrtiehe.^ 


of  an  orderly  arran^^enieuf  of  the  ehromatiu  in  threads  and  in  ttie  irreiru- 
larily  with  whieli  the  srfiaration  «jf  portions  id'  the  chromatin  results  in 
new  nuelei. 

Vartati0ns  in  the  division  o!  the  cell -protoplasm  ort  iir  most  fre- 
qnently,  eitl^et  io  a  tottti  ffttittrf  4t/ tlh  ptoh^phfHin  h*  diritfr  afler  liit*  divi- 
ii.ion  of  ttie  uueltois  has  taken  plaee,  or  iu  the  tfrfttt^rd  tticiHttMi  aft**r  thai 
of  ttie  nudeus.   These  


fi-*^ 


phenomeuu     are    ob-       ^ 
fierv<'d  in  l»oth   inito-    ^ 
(ie  andiiinitotie  cHvis-       f 
icMi    i*(    I  he    nui^leus,       t 
and  lead  to   the  for-    c 
niation    of    multinu- 
dear     g:iant-cells 
(  Fi^.  Kl'i),  whieh  are 
d«*siunate<l    as    plas- 
modijl  giant'Cells. 

( VI  Is  of  1  he  spleen    ^HHj^^g^A#.;  ^^^^^T^  ^ff!^^  t 

and  bone  niarr(»w  and      fBKtK^^^^m^  ^^ rs^^ ^ 

i>f  tumors  arisin*^ 
fi-om  the  1  Mines  siiow 
this  plienonienon  with 

^  t*>JH'tnu        1  HMpieiH'\  ,        pi^^  i(«.— ProllfprsUnir  udlpm^  Hiv*m  fpitii  Ihn  snbrwUDt^fiua  r«nnlc. 
roli  f4' rati  HIT  tat  eel  Is    ulu!*.  rw^mv-sU  tlavs  utU'TiunUTi/MiUm  with  trl<'hlnriw'»*at'nriii  ifnnim- 

kewise     otleii     hum   tivMii^m,.-      *  ;iim 
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mult  iiniclear  giant-cells  (Fig.  163,  a).  Besides  this  form  of  multiuuclear 
giaut-eell  there  also  occur  those  formed  by  the  confluence  of  cells,  which 
are  knowTi  as  syncytial  giant-cells.  (Compare  also  the  sections  on 
Inflammation  and  Tuberculosis. ) 

The  significance  of  the  nuclear  corpuscles  (nucleoli)  is  still  a  matter  of  dispute. 
Flemming  and  Pfitzner  believe  that  they  are  different  from  the  nuclear  framework, 
while  others  regard  them  as  much-thickened  nodal  points  of  the  fibrils  of  the  frame- 
work. In  what  way  they  are  again  formed  after  the  division  of  the  nucleus  is  not 
known. 

The  spindle-figure,  whose  fibres  stain  but  slightly  with  nuclear  stains,  is  deriveii, 
according  to  Flemming  and  Hertwig,  from  the  achromatic  substance  of  the  nuclear 
framework,  while  Strasburger  believes  that  it  arises  from  the  cell-protoplasm. 

The  centrosomes  or  polar  corpuscles,  which  are  always  present  jn  nuclear  segmenta- 
tion, are  found  also  in  resting-nuclei;  but  up  to  the  present  time  they  have  been  demon- 
strated only  in  a  part  of  the  cells,  most  frequently  in  lymphocytes  and  the  giant-cells 
of  the  bone-marrow.  At  the  same  time  the  investigations  of  von  Kolliker,  Flemming , 
M.  Heidenhain,  Boreri,  and  others  make  it  probable  that  the  centrosomes  are  present 
in  all  cells,  lying  sometimes  in  the  nucleus,  sometimes  in  the  protoplasm,  where  on 
account  of  their  small  size  they  can  be  demonstrated  only  with  difficulty.  (The  cen- 
trosomes do  not  stain  with  the  ordinary  nuclear  stains,  but  with  acid  aniline  dyes,  as 
acid  fuchsin,  safranin,  i.nd  with  iron-liaematoxyl'n.)  Whether  they  are  elements  of 
the  protoplasm  or  of  the  nucleus  has  not  yet  been  decided.  According  to  tnin  Bene- 
den,  Boverif  and  Rabl,  the  mitosis  of  the  nuclear  substance  is  to  be  referred  to  a  direct 
dra wing-apart,  starting  from  the  divided  centrosomes  and  brought  about  by  the  agency 
of  the  achromatic  fibres.  According  to  M.  Heidenhain,  the  central  corpuscles  are  sharply 
circumscribed  granules  which  possess  the  power  of  assimilation,  of  growth,  and  of  multi- 
plication by  budding,  whereby  they  are  accustomed  to  form  groups.  Either  alone 
or  united  in  groups,  they  can  form  the  central  point  of  insertion  oi  a  system  of  con- 
tractile fibres  (spindle-figures,  microsome  rays),  and  consist  of  a  sj>ecific  substance  (in 
a  chemical  sense)  which'  is  not  present  elsewhere  in  the  cell. 
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II.  The  Processes  of  Hyperplasia  and  Regeneration   in   the   Various 

Tissues. 

§  81.  The  morphological  chan|2:es  in  tho  regeneration  and  hyperplasia 
of  epithelium  are  relatively  simple.  The  karyomitoses  (Fiji:.  104,  a-d) 
show  for  the  chief  part  a  typical  coiii-se.  The  division  of  the  protoplasm 
takes  place  either  in  the  later  stages  of  the  process  of  nuclear  division  or 


2S6 


THE    PROGRESSIVK    CHANGKS. 


§m 


^''-^^^m^ 


follows  after  the  Siiiiie.     Giaiil-eolls  may  iirise  tliroiifi:li   riiiliire  of  the 
protoiilasiii  to  divide, 

Epithfiifim  arim's  onltf  from  ejtitheliumr  aud,  moreover,  the  differeut 
varit^tiesof  ejiitheliiim  do  not  {niss  over  into  one  iwiuther.  It  is  to  lie 
iio1(m(,  !io%ve\ er*,  that  under  certaio  couditioiis — for  exaui|)k%  in  ea^ieii  of 
iiilia minatory  irritation  of 
lonjuj  sUindin;^^ — the  I'egen- 
e  rating  ei>ilht^liiiiji  may 
eban^e  its  (*hara4'ter,  so 
that  paveinenl  epitlielinm 
may  oer^isionaliy  l>e  de- 
vehiped  in  i^laees  wliieh 
orit^inally  possessed  strat- 
ified eiliated  ei^luninar 
epitlieliiim.  This  may 
iieeur,  for  exainple,  in  tlie 
ease  of  eieatrization  of 
nhers  in  the t raeliea.  I)e- 
feets  of  eiliateil  eolnrnnar 
e]iit[ieiinm  are  in  the  tirst 
l)hit*e  ie|iaired  by  hnv  eol- 
nrnnar or  ilat  eel  Is  whieh 
latiM'  IteeuHie  ehait^etl  into 
hig:li  enlnnHuir  eel  Is. 

Small  losses  rd'  .snbstaiiee  in  the  superfleial  epithelium  are  nsnally 
qniekly  replaeed  through  re;,a'neT'ative  growth  of  the  nei^ddmrijtj^^  cells 
(Fiij;.  llij,  (i,  d^,  tfj.  In  sueh  easi*s  it  may  he  st^Mi  that  the  epithelium 
hunierin^  nptm  the  defect  qniekly  pushes  over  the  denuded  snrfaee  and 
l»e^ins  to  ]uoliferate.  The  division  of  the  nneiens  and  eell- protoplasm 
takes  place  not  only  on  the  ed^e  t)f  the  defect,  lint  also  at  some  distance 
from  it.  In  the  intestine  thi*  loss  of  the  sui>erlicial  epithelium  is  cjuiekly 
made  fjood  l>y  a  proliferatiou  of  the  epithelial  eelis  silnated  in  the  deep 
parts  <»f  the  erypts  of  Lietjerkuhn.  Likewis*^  ;udau<lidar  einthelinm — 
for  example,  in  tlie  liver  or  kidneys- -is  ([uickly  restfued  aflei*  loss,  pro- 
vided the  structure  of  ihe  tissue — that  is,  of  the  hiinemeiit  membrane 
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upon  which  it  rests — is  not  changed.     After  destnietion  of  liver-tissue 
both  liver-cells  and  the  epitheliimi  of  tlie  bile-duct«  (Fig,  l(t4)  prolif- 
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erate,  and  the  cell -division  attendant  upon  an  injury  to  the  liver  may 
extend  to  a  relatively  great  distance  from  the  wound.  Experimental 
wounds  of  the  liver  heal  through  the  formation  of  connective  tissue,  into 
which  only  ofifshoots  of  the  bile-ducts  penetrate,  while  a  local  reproduc- 
tion of  liver-tissue  does  not  take  place.  Likewise,  in  the  kidneys,  testi- 
cles, thyroid,  and  ovary  the  local  production  of  glandular  tissue  in  the 
connective-tissue  scar  is  very  slight  or  wholly  wanting,  and  does  not 
lead  to  the  formation  of  functionating  tissue.  In  the  salivary  and  mu- 
cous glands,  on  the  other  hand,  there  occurs  a  branching  of  the  gland- 
ducts,  and  a  new-formation  of  glandular  alveoli. 

When  portions  of  the  mucosa  and  submucosa  of  the  intestine  are  lost 
as  a  result  of  ulcerative  processes,  there  occurs  during  the  process  of 
heiiling  a  glandular  proliferation,  which,  according  to  the  nature  of  the 
defect,  forms  partly  typical,  partly  atypical  (Fig.  144,  i)  glands  which 
grow  into  the  submucosa.  The  new  gland-formation  takes  its  start  from 
the  old  glands,  whose  epithelium  pushes  over  the  edge  and  base  of.  the 
ulcer  (Fig.  144,  g,  h)  and  also  lines  any  depressions  which  may  happen 
to  be  present  (k).  In  a  similar  manner  ulcerative  defects  of  the  stomach 
mucosa  are  again  made  good;  and  even  extensive  ulcers  may  become 
covered  over  with  a  gland-containing  mucosa,  although  the  glands  do 
not  for  the  most  part  show  a  typical  development — that  is,  are  not  trans- 
formed into  characteristic  gastric  glands. 

The  epithelial  portions  of  the  uterine  mucosa  which  are  in  part  lost, 
as  a  physiological  process,  during  menstruation  and  parturition,  and  are 
afterward  replaced,  may  be  restored  in  a  similar  manner  in  the  healing 
of  pathological  defects  of  the  endometrium.  The  new-formation  of  epi- 
thelium takes  its  origin  from  the  glandular  remains. 

Compensatory  hypertrophy  of  a  kidney  or  liver,  as  the  result  of  the 
loss  of  kidney-  or  liver-tissue,  is  brought  about  through  the  formation  of 
new  f/land'CeUs,  and  the  enlargement  of  existing  renal  tubules,  or  liver-rods 
respectively.  After  extirpation  of  one  kidney  the  beginnings  of  compen- 
satory hypertrophy  are  recognizable  even  on  the  third  day,  by  the  ap- 
pearance of  division  figures  in  the  epithelium  of  the  urinary  tubules; 
and  there  then  follows  a  further  proliferation,  continuing  for  some  time, 
of  the  epithelium  of  the  uriniferous  tubules  and  glomeruli  as  well  as  of 
the  cells  of  the  vessel -walls,  as  a  result  of  which  all  the  parts  become 
enlarged.  In  the  liver  the  lobules  are  enlarged,  but  no  new-formation 
of  these  occurs. 
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g  82.  The  new-formation  of  blood-vessels  plays  a  verj'  inix)ortant 
role  in  hyperphusia  of  the  most  varied  tissues.  If  connective  tissue, 
bone,  or  glandular  tissue  is  to  be  reproduced  in  any  considerable 
amount,  the  new-formation  of  blood-vessels  is  essential,  since  it  is  only 
through  these  that  sui^icient  nutrition  can  be  brought  to  the  growing 
tissue. 

The  development  of  new  blood-vessels  takes  place  through  the  forma- 
tion of  offshoots  from  the  sides  of  the  walls  of  preexisting  vessels  (Fig. 
166).     In  the  vessel- wall  there  occurs  a  proliferation  of  cells,  particu- 
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larly  of  the  endothelium   (Fig.    IC)7\  in  which  the  division   of  the 
nucleus  occurs  by  karyomitosis. 

As  the  first  step  in  the  formation  of  a  new  vessel,  there  is  seen  on  the 
outer  side  of  some  capillary  loop  a  tent-like  elevation  which  terminates 
in  a  fine  protoplasmic  thread  (Fig.  166^  a),  standing  out  from  the  vessel, 
and  gradually  liecoming  longer  and  longer,  while  the  granular  mass  like- 


Pi6.  106.— Development  of  blood-vesiels  by  formatioa  of  ofTshoote ;  from  preparations  taken  from  In- 
flammatory ffranulations.  a,  b,  c,  d.  Different  forms  of  offshoots,  some  solid  (b,  e),  otben  becoming  hol- 
low (a,b,  (i),  some  simple  (a,  d),  some  branching  (b,  c>.  some  without  nuclei  (a,  (0,  some  with  nuclei 
(b,  r);  (i,  offshoot  to  which  fibroblasts  have  applied  themselves. 

wise  grows  out  at  the  same  time.  There  is  thus  formed  at  the  beginning 
a  9olid  grantdar  arch  of  protoplasm^  which  ends  in  a  protoplumnic  thread  (a), 
and  after  a  certain  time  comes  to  contain  nuclei.  This  thread  may 
penetrate  into  another  vessel,  or  may  unite  with  some  other  arch  which 
it  meets,  or  finally  may  return  to  the  same  vessel  from  which  it  started. 

Further,  from  the  solid  arch  itself  new  secondary  archer  may  spring 
(Fig.  UUi,  b,  c),  or  at  its  end  there  maybe  formed  a  club-shaped  swell- 
ing (c). 

The  originally  solid  arch  becomes  hollow  after  a  certain  time  (6,  a) 
through  the  liquefaction  of  its  central  part,  and  the  space  thus  formed 
either  immediately  or  very  soon  comes  to  communicate  with  the  lumen 
of  the  blood-vessel  (a),  or  else  there  is  developed  from  within  the  vessel 
an  extension  of  the  vessel-lumen  into  the  arch.  The  blood  of  the  mother- 
vessel  finds  its  way  at  once  into  the  cavity  of  the  daughter- vessel  and 
widens  it.  As  the  hollowing-out  process  constantly  advances  and  ex- 
tends to  the  point  of  entrance  of  the  protoplasmic  arch  into  another 
blood-vessel,  there  is  finally  formed  a  new  capillary  loop  iKM-meable  for 
blood. 

Immediately  after  the  opening  of  a  way  for  the  blo(Kl  the  capillary 
tube  possesses  a  homogeneous  wall.  After  a  certain  length  of  time  the 
protoplasm  groups  itself  about  the  nuclei,  which  have  in  the  mean  time 
19 
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divided  and  multiplied  in  the  wall,  so  that  ultimately  the  capillary 
comes  to  be  made  up  of  flattened  endothelial  cells.  As  Arnold  has 
shown,  the  boundaries  of  the  individual  flattened  endothelial  cells  may 
be  made  visible  through  the  injection  of  a  solution  of  silver  into  the  ves- 
sel. At  this  time  the  wall  for  the  greater  part  appears  much  thickened, 
partly  from  the  proliferation  of  the  cells  of  the  vessel-wall,  but  also 
partly  from  the  fact  that  formative  cells  from  the  neighborhoo<l  heap 
themselves  upon  the  surface  of  the  young  vessel  (Fig.  166,  d),  adapt 
themselves  to  the  wall,  and  so  strengthen  it. 

At  the  time  of  the  formation  of  the  offshoots,  the  endothelial  cells  of 
the  capillaries  are  swollen,  so  that  they  form  cells  rich  in  protoplasm, 
which  often  in  proliferating  tissue.s  reach  such  a  size  that  the  cross-sec- 
tion of  a  capillary  looks  not  unlike  a  gland-tube  lined  with  epithelium 
(Pig.  168,  d).  At  the  same  time  division -figures  appear  in  the  endo- 
thelium (Fig,  167,  a-c),  and  later  the  division  of  the  nucleus  and  cell- 
protoplasm  takes  place. 

Just  in  what  relation  this  proliferation  stands  to  the  formation  of  the 
offshoots  is  not  yet  clearly  understood ;  but  doubtless  the  latter  spring 
from  proliferating  cells  and  represent  cell -proc- 
esses of  the  same.  The  proliferation  of  endothe- 
lium, on  the  other  hand,  does  not  always  lead  to 
a  new-formation  of  vessels,  but  may  result  only 
in  a  thickening  of  the  vessel-wall  and  finally  in 
an  obliteration  of  the  lumen. 

In  the  transformation  of  newly  formed  capil- 
laries into  arteries  and  veins — a  change  which 
must  always  occur  in  the  case  of  extensive  new- 
growths — the  increase  of  tissue  is  the  result  of  the 
continued  proliferation  of  the  cells  of  the  vessel - 
wall.  The  muscle-fibres  first  appearing  in  the 
outer  wall  of  the  capillary  tube  are  (Mayer)  finely- 
branched  cells  whose  nuclei  lie  parallel  to  the  long 
axis  of  the  capillary  and  whose  processes  surround 
the  endothelial  tube.  After  about  fourteen  days 
elastic  fibres  may  also  appear  in  new-formed  ves- 
sels (arteries). 


It  is  dirticult  to  deride  whetlier  the  Jietr-f&rmation  of 
blood-vessels  is  intracellular  through  the  hollowing  out  of 
the  solid  buds  of  a  single  cell  or  whether  it  is  intercel- 
lular through  the  formation  of  a  space  between  two  cells. 
Tlie  offshoots  from  the  sides  of  the  vessel-wall  or  from  the 
end  of  the  vessel  give  the  impression  of  solid  cell  proc- 
esses, but  the  possible  participation  of  the  protoplasm  of  two  cells  in  the  formation 
of  such  processes  cannot  be  excluded. 

The  neW'fonnntion  of  ly^niphve^Hels  in  new  connective  tissue  is  intercellular. 


Fio.  167.— Two  vessels  of  the 
papillary  body,  whose  endo- 
thelial cells  are  In  process  of 
pn)llferatlon  (six  days  after 
painting  the  back  of  the  foot 
with  tincture  of  iodine)  (Flem- 
minff*s  solution,  safnmln,  and 
picric  acid),  a.  Nucleus  with 
chromatin  framework:  b,  />i, 
skefn-forms;  c,  mother-star; 
d,  connective-tissue  cell  with 
nuclear  division-figure ;  e, 
lymphocyte's.    X  860. 
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§  83.  The  connective-tissue  structures  are  almost  all  capable  of 
both  hyperplastic  and  regenerative  proliferation.  This  is  especially  true 
of  unformed  and  formed  connective  tissue,  the  periosteum  and  the  end- 
osteum;  while  cartilage  possesses  but  a  slight  regenerative  capacity, 
and  fully  develox)ed  bone  none  at  all.  Usually  proliferating  fibrous  con- 
nective tissue  gives  rise  to  fibrous  tissue,  both  in  the  case  of  indei>end- 
ent  formations  of  connective  tissue  and  in  the  supporting  tissue  of  the 
glands,  lungs,  lymph -glands,  and  brain.     The  periosteum,  bone-marrow, 

perichondrium  and  cai*tihige 
produce  in  addition  to  librous 
connective  tissue  and  marrow- 
ti&sue  also  cartilage  and  bone. 

Hyperplastic  and  reg^ener* 
ative  proliferations  of  the  con- 
nective tissues  are  ushered  in  by 
ceJhdivimon  in  the  course  of  which 
the  kary omitoses,  described 
above  (Figs.  164,/;  167,  d; 
16S,  by  e)y  occur. 

After  injuries  of  the  tissue 
these  proliferations  be^in  \evy 
soon,  as,  for  example,  in  wounds 
of  the  skin,  or  in  fractures  of 
the  bones;  in  the  latter  case 
even  as  early  sis  the  second  day 
single  cells  of  the  periosteiun 
have  become  enlarged  and  show 
Besides  mitoses,  direct  division  of  the  luiclei  also  takes 


Fio.  168. — Proliferating  periosteum,  four  days  after 
fracture  of  a  bone  (Flemmlnff's solution,  ha^matoxylin). 
a«  Osteoblasts  wltb  large  nuclei ;  />,  osteoblast  with 
diTtelon-flffure:  c,  two  cells  shortly  after  division, 
■bowing  thread-Bkeln  in  nucleus :  r(,  blood-vessel  with 
ivoliferatlng  endothelium;  e^  endothelial  cell  with 
Doplear  dlvteion-r 
lympbocytes.    X 


;  /,  large  lymphocytes;  (/,  small 


division-figures, 
place. 

When  only  a  few  cells  are  destroyed  in  the  event  of  an  injury  to  the 
tissue  newly  formed  cells  replace  those  destroyed  without  the  occurrence? 
of  any  marked  structural  changes  in  the  tissues.  If,  on  the  other  hand, 
mider  pathological  conditions,  a  considerable  amount  of  new  tissue  is 
produced  within  a  short  time,  the  proliferating  cells  form  an  embryonic 
tissue  consisting  essentially  of  cells,  blood-vessels,  and  a  somewhat  fibril- 
lated  ground-substance  (Fig.  168).  The  extent  of  such  formation  nat- 
urally varies  greatly  and  is  dependent  partly  upon  the  capacity  of  the 
tissue  for  proliferation,  an<l  partly  upon  the  lesion  leading  to  the  prolif- 
eration. 

Proliferating: cells  are  always  larger  thnii  the  cells  of  fully  (leveloi)ed 
and  restiug  connective  tissue  which  are  relatively  poor  in  protophusm. 
They  contain  large,  bladder-like  nuclei  with  nucleoli,  and  for  the  greater 
part  only  one  or  two  nuclei  (Figs.  168,  169),  though  multinuclear  cells 
(Pig.  169,  cj,  the  so-called /7fawt-c^//^,  also  occur.    In  association  with  the 
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fMilar^i'ti  tissue  erl Is  there  are  alwiiys  fuuml  after  a  innre  marketl  hswite 
lesion  exudative  ^'i^lls  iiiisiii^  rioin  the  hlocKives,  Is  (  F'ij^s.  l*iS,  t/,  j\  and 
1H9,  ff,  a ^ )  whicli  take  i\n  part  iir  1  he  foruiatiini  of  the  new  tissue  (see  S  **«">)• 
Siiiee  all  these  eells  are  the  aiiteeech^jits  t^f  the  fiitnre  tissue  they  are 
designated  as  formative  cellos,  thns*''  ^iviu^  rise  to  hV>rcKis  eonnecti^e 


k\ 


•N, 


A 


Al 


Fill-  !6l9.—l»«*hitin|  fells  fnini  Ji  cratritluUiiij' MitMinil  (|il«*nw'*tnmllieL  d.  Lvfuplirwyre ;  «,.  )Hi|>iiiirlf»ar 
Ipiinwyt*^:  /i,  rlim^n-nf  fnniij*  of  Tnoitonm  lent  llhrthluiiiJH :  r,  ftimmtlvit  cHI  Wltli  two  iiUfH  ;  c,,  inttlri-' 
TiiH'lear  fonnatlve  cells;  </,  llbnjbljuits  In  sUi^t?  of  cionQeetlve-UssiJe  ft*rtimf ion ;  f,   fully   devetoiied  wm- 


^  -* 


tissite  arc^  called  fibroblasts  (Fif^^s,  Kitt,  h,  <\  tl  r:  I7t),  ft),  while  those 
forniinj::  eartila^e  and  iKiue  lue  known  as  ch  and  rob  lasts  (  p^ig.  172,  a,  c) 
and  osteoblasts  (Fig.  T(»S,  a^  b,  r)  respe<'tively. 

The  sha[jt*  of  the  formative  eel  Is  varies  j^^^reatly  (Fig,  169,  /^  t\  d,  r), 
and  is  de]>eiidenl,  partly  ii|Hm  intrhisie  eaiises — that  is  iipcni  spontaneous 
changes  of  forni^partly  n]>ou  (he  intluene«M)f  the  euviroMiueut,  wbitdi 
under  eertain  eonditious  tMnupels  Ihe  eel  Is  to  tiike  eertain  definite  forms. 
Tl  1  e  e e  lis  p  r< )  d  u  e  i  n  g  eo  i  u  it^et  i  \  e  t  i  ss^ue  us  u  a  1 1  y 
pres4^ut  the  greatest  variety  of  form.  ^,        ^''  M _^  f^ 

When    connective    tissue    is   developed  ^'',:->ii 

froHi  a  *'ellul;ir  end»ryniiie  tissue,  either  fine  ^       jd^  ^  "  ' 

fihri/he  (Fig,  W9,  d,  r)  apjiear  at  ouee  lu 
certain  parts  (d*  the  eell-i>nitoplasiy,  or  there 
i  s  f or ni  t h1  fi  rst  a  h  om  Offc Jtf  o  tf.'*  /  n  fen *r!f  n  hi  r  h a  b  - 
Htanre  f  Fig,  170,  //)  in  wliieh  the  fdirilhe 
later  apj^ear.  I'he  forniaihe  eel  Is  at  the 
8anie  time  diminish  in  size,  and  eome  to 
lie,  for  the  most  part,  in  small  clefts  {Fig. 
Hi!*,  e)  in  the  gnaiud-snbstauee. 

Elastic  fibres  tirst  ;ipi>ear  hi  newly 
fiiriued  eonneeiive  tissue  at  a  late  stsige, 
ahont  tlii-ee  weeks  at  the  earliest,  and  id  the  iK^giuiiing  form  very  fine 
fibril  he,  wliieli  in  [»:irt  (Fig.  17L  f* )  n^presetd  p  roe  esses  of  older  thicker 
fibril  he  (ft)  and  in  part  arisen  indei»ehdeidly.  They  repres(»nt  a  differ* 
entiatioii  produet  of  the  fibrilhiiy  ground-snbstanee  and  ha\e  no  relation 


(ive  tlKHue  frtnn  nim>hl«,HUH  hMnilf*r*f( 
llulft*  plfnunrmirH')-  o,  Fihmh{nAi%: 
Ik  hyiilinw  pTtHind-siiMnnr*'  with 
st^iureii  tilaiiila';   r,  flN'iibliuil  wlUi 
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huseiiH^iit-Kiihsliint'f  (Figs.  173,  e,  f ;  174,  v)  foriiiiiig  an  osteoid  tissue 
wli it'll  luli-r  tMi  h«'t*umfH  iiiiprngoated  with  lime-salts  aud  thereby  truiijs 
loruH'd  iutn  bone.     When  th**  ground ^HUbstuiiee  between  the  osteoblasts 
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Vui.  ITl— Rriaosteal  formation  of  bone  from  raiiBsea  of  a«ti>o1)laJtUi  (MQUer's  flul^,  pu-rlr  acid,  hflpttm-" 
toxyltn,  riiniitturJ.  Prv(mmli<i«  tmiu  the  Inner  falliiH of  h  fomruH^n-^lay  old  fracfurn  of  (ht*  lUnila  of  ti  ainn 
twetity-llvf  yt-jiTSof  Hifv.  <t^  KiiM'tHls  nf  iIm-  ('inU>!*li''ijnii ;  /i,  tmiiosteinn  i-nitlJilrdni;  rm  tal;  t\  fwiitterv^l 
(j«^ieohliti<ts ;  tf,  (froujw  of  twieubhistM  :  t\  Hrst  Mit*jj  In  Uir  fi^niiulktti  tif  ihe  !rn.>iin<Muli»4tuiiii'  tif  inmt*:  f,  ili^ 
velopLng  tnihe<*nliP  of  tKHiH :  [/.liner  of  ostHtbliuit!*  hinijr  u|n«n  tlie  lu-wly  foniH-d  iniiMiuiUi"  of  u»ut*;  /t, 
bltMNt'Vi^iNHf'L     '•    loll 

is  already  < if  a  loiise  iihrillar   iiatur4^  (Fig.    1 7:i,  */ )   llie  trausitioii   into 
osteoid  lissiir  is  brought  alMiut  llnuugh  a  tlui-l^eniiig  <*t'  Ihe  gronndsnl) 
stuuee(f%/)-     T\w  oHtf'obhfxLs  vitiiw  to  li**  in  ii-regular  spares  rnniisliml 
witli  proeeswes  (Figs.  174,   r;  17i,  h),  and  are  then  usually  known  us 
h(ntf-rorint.srtrx,      \n  extensive  devebii»iiient  of  eellular  enibi'viniie  tissue 


^^A??c 


Fia.  174.— FnnnuTi.'Ei  ^if  n->to.ttU  lnib*vuhP  fn>Tii  ihf  i^rolirt-mrln^f  in'riwittniiiK  I*repaniUoii  frnm  % 
Imirt*^ii-i1iiv  «(|<1  frmTunMMOIUT"!«  Hiitd,  pl'Tlr  nrkl.  hiiMu»1<ay[iTu  mnnlne).  a,  Flbrt*  li**latiirtn|([  u»  xhv 
oiiitT  iHTh»wieurii ;  it,  iniitvryorilc  tlsHU<*^  t\  osuniid  ii^«ue:  d,  t-artlliitrp:  t,  rwjiH'-iimiTow.     •  <o. 


the  eliauge  into  bone  is  limited  to  eertain  pjirts  of  .the  tissue*  so  that 
within  the  einbryonie  tissue  (rabecula*  (Fig.  174,  r)  are  formed,  which, 
so  long  as  they  do  iujI  nndeigo  full  d<M  eiopnient  into   Ijone  and  do  not 
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Ittfi.  175,  —Formation  of  lumt*,  tbrouffb 
*l«»pf»*Ms  fnn*!«*  hv  f^t^^thliiHbD  i^win  the  Kur- 
Hk^'  *  "  (MQlier's  flukU  p(orli'  iiokU 
lH*h  rtiiiueh    (i»  t*]d  txmej  ^. 

new  lit' ;  (%  tJ6t*^obkst.H.   ;•  MK 


be<-*oiiie  raleifitHl,  jire  culUnl  osteoid  trabeculse.  The  embryonic  tissue 
(b)  lyiiij^  iM^weeu  lw*e<jijit*s  t'limi^ed  into  marrow-tissue  by  tht^  c*ells  hv 
couiinj^'  united  lu  t*neh  other  thnin*,^li  prycesst*s,  while  between  Iheni  Ibere 
iilipeiirs  a  rinitl  basement -substunee,  in  whieh  rniind  eells  later  api»eiir 
t*rulH^ddeti.  IT  only  a  Httle  l>one*  tissue  is  to  Ik*  fi>nue<l  and  th^posited 
ii[>o]i  nid  bony  tralw^eidje,  Um  oMti'ohhisf.H  iF\^,  175,  r)  arniiif^e  Hieinscdves 
ii|KHi  rlie  sarfaee  <jf  tlie  hitter,  and  these  later  tni  prodnee  bone  (h)  in  the 
manner  des(*ribetl  above,  u  hieh  api*ears  as  a  new  btniy  lamella* 

Fibrillated  eouneetive  tissue,  bone,  and  eartihige  are  elosely  related 

lo  eaeh  other  and  one  may,  theref*ire,  \m 
easily  transfornietl  into  the  other  (see  J^iSS ), 
Mucous  tissue  arist^s  from  embryonic 
tissne  tliront^h  the  t'ormalion  of  a  nuiein- 
eontainin^^  lioinop*neous,  i^elatint^ns  basi^- 
ment'Snbstanee  1h*I  ween  the  cells  whieh  at 
least  in  pai't  IwM'onu^  iiniti^d  throni^h  pr«je- 
ess4*s  to  I'nrni  a  netwcn'k* 

Lymphadenoid  tissue  can  de\  elop 
fn>in  embryonic  tissue  through  the  for- 
Biatioji  id"  a  sni>i>orting  reliculnm  from  a 
part fd"  the  cells,  while  lymphiK*ylt*sgalher 
in  the  nu'shes  of  tins  network,  the  sjiaces 
of  which  eoutaiu  lymph.  In  iftjttrrd  h/mph-f/htKh,  the  cells  td'  the  rvtic- 
iilnm  proH filiate  and  fi^rni  onlhtftrtf  fihnms  tmsiif;  a  ret  uvular  th'velc»p- 
ineiit  of  this  c<>nnet  live  tissue  into  lymphadenoni  connective  tissue  either 
doen  uot  take  place  at  all  or  but  to  a  \  ery  slight  degree. 

Spleen-tissue  is  not  fonned  anew  after  injury  to  iljis  organ:   llie* 
wound  heals  through  ordiirary  cictttrhftftoiu     Tonrpensidiiry  hypertrophy 
fhw-s  uc»t  take  plaee  after  the  removal  of  huge  [jortions  of  the  organ. 

Fat-tissue  arises  through  the  taking  up  of  fat  into  tlie  ci*lls  of  em- 
bryouir  tissue,  jnu*'ous  tissm*  or  tibnnis  connective  tissue,  Ihe  Ci'lls  In^- 
Cinniug  changed  irdo  fat-ci*lls  tliidugh  liic  coidbu^nee  of  the  fat  (Inijilcts 
which  they  take  up. 

Tlir  basement-substance  of  th?  tissues  descnl>ed  aliove  is  a  product 
of  the  protoplasm  of  the  formative  cells.  Whether  in  its  formation 
portions  of  tlie  cell-protophism  are  changed  directly  into  intercellular 
substance,  or  whether  they  s<*ercte  the  latter,  *>r  separate  it  from  the  in- 
lereeUular  tluitl,  is  often  a  dittieult  *iucstiiui  to  answer;  hut  it  is  prnbable 
Ihat  only  the  first  two  metliods  t»f  fru-unilion  oi-eur. 

h'xhrillar  amnniitH'  tiftsue  cxin  lirvMlt^p  frnrn  any  of  the  cormective  tissues  possesss- 
injf  thr  power  of  pralifemtioti,  hut  there  must  first  he  fomjed  (in  intennediate  sta^e  of 
cmbn*<^iiiie  tissue. 

Bofif  nrisen  chieHy  from  the  periost-eutn,  perichondriimi,  and  emiosleum,  t)ut 
riMV  fil*io  develop  fnjni  other  ooiiiieetive-ti*sne  suhsUinceB»  hh,  fnr  example,  from  the 
intennuscujar  connective  tissue  and  from  the  eonnective  ttssue  of  the  lilDiHl-vei««iels. 

Cartilmje  arise**  chiefly  from  |jrtili  fern  ting  |:>enchoiicJrimu,  tw^nosfeimi,  entiosteum, 
^Xid  cartilage  itself;  but  may  also  be  developeil  from  other  comiertive  (issues,  as.  for 
i*XHiiipl»*,  in  the  connective  tissue  of  the  testicle  and  parotid.  The  cart ila^e-ccHs  near ii 
lesion  may  under  certain  circmustanei*s  pn>lifenit^  and  fonn  a  hi r^e-celie<l  embryonic 
liJMiic,  but  this  does  not  reach  any  great  tiize.  In  the  firolifenitjon  of  cartilage-cells 
within  csirtilape  the  cell-multifjh'cation  aud  new-fonuation  of  cartilage  occur  in  the  same 
WMy  an  in  the  physiological  proliferation  of  this  tissue.  Ver>'  often  the  uewty  foniieti 
oirtiliiiri^  is  only  a  transitory  tissue,  and  is  soon  transformed  again  into  bone  lind  mar- 
fOW'tifisue.  or  into  connective  tissue. 


X**w  hjmphoArnfntl  tiasue  umy\  under  pathofn^ical  conditions,  arise  cither  from 
lyinphadinioirl  tissue  or  fat -tissue  ititttfer}  or  fmrn  tihnllnted  ronnective  tissue.  It  is 
fomieil  fronj  the  latter  most  frequently  in  the  2t3nnective  tissue  of  the  mucosa  and  sub- 
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mucosa  of  the  intestinal  tract,  as  well  as  in  the  glandular  oigans;  rarely  in  the  inter- 
muscular connective  tissue.  New  haemoljrmph-nodcs  are  K>rmed  in  adipose  tissue 
after  splenectomy  (Warthin). 

Mucous  tissue  may  develop  from  any  proliferating  connective-tissue  substance,  but 
rarely  appears  in  large  masses,  and  is  usually  a  transitory  form  passing  over  either  into 
fat  or  connective  tissue. 

Fat'Hssue  develops  particularly  in  those  regions  normally  containing  fat,  but  oc- 
curs also  at  times  in  other  places,  for  example,  in  the  reticular  connective  tissue  of 
atrophic  lymph-glands,  in  the  perimysium  internum  of  atrophic  muscles,  etc. 

The  close  relationship  of  the  connective-tissue  substances  to  each  other  enables  the 
different  forms  to  pass  from  one  to  another  without  the  need  of  an  intermediate  stage 
of  embryonic  tissue  produced  by  proliferation.  Further  details  in  regard  to  this  point 
are  contained  in  §  88. 
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§  84.  The  new-formation  of  the  red  blood-cells  or  erythrocytes  oc- 
curs through  the  mitotic  division  of  nucleated  youn^  forms  of  red  cells 
known  as  erythroblasts  (Bizzozero,  Neumann,  Flemmin^).  In  the 
adult  this  new-formation  is  restricted  to  the  bone-marrow,  and  this  is  true 
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also  of  other  mammals,  birds,  reptiles,  and  tailless  amphibians,  while  in 
the  tailed  amphibians  and  in  fishes  the  spleen  also  takes  part  in  the  proc- 
ess. In  embryonic  life  the  new-formation  and  increase  of  the  red  blood- 
cell  takes  place  throughont  the  entii-e  vascular  system,  but  later  it  be- 
comes restricted  to  the  spleen,  liver,  and  bone-marrow,  and  finally  to 
the  last  alone. 

The  entrance  of  the  red  blood-cell  into  the  circulation  takes  place 
after  the  loss  of  its  nucleus. 

In  the  increased  new-formation  of  red  blood-cells  following  a  loss  of 
blood,  as  well  as  in  severe  chronic  anaemias  and  leukaemia,  nucleated  red 
blood -eel  Is  may  appear  in  the  circulating  blood  outside  of  the  bone- 
marrow.  The  fatty  marrow  may  thereby  take  on  again  in  part  the 
character  of  the  splenoid  marrow,  this  change  being  accomplished  by  the 
dilatation  and  congestion  of  the  blood-vessels  with  an  increase  in  the 
colorless  and  red  cells  of  the  marrow,  while  the  fat  present  in  the  sujj- 
porting  reticulum  disappeai-s. 

The  new-formation  of  the  colorless  cells  of  the  blood  and  lymph 
grouped  together  under  the  broad  term  leucocytes  occurs  essentially  in 
the  lymphoid  tissue  of  the  lymph-glands,  mucous  membranes,  spleen, 

thymus,  and  bone-marrow;  but  leucocytes 

-Hr<?3^?^^.  within    the  blood-  and   lymph-vessels  and 

/^/^  ^'^^      'v  >^T^^r       tissue-spaces  outside  of  these  organs  may 

^^(6    ,     .^'^  \*    7^.  also  divide,  and  well-defined  foci  of  prolif- 

V  ;/^    /  iSr^        eration   may  thus  be  formed.      The  mono- 

'  :^~/.  .s    ^  .     '^%,  nuclear  cells,  known  i\s  lymphocytes,  develop 

IV  ;    ^      ^  -    -^^         chietly    in    the     first-named    regions,    and 

//^\  i^^*        numerous  karyomitoses  (Fig.  176)  are  con- 

_''^^  stantly   found    in    the   so-called    germinal 

>>  "         a^'^P^^'i^^       centres.      The  polymorphomiclear  or  polynu- 

^^'--^'^'^•■>u^.y^}'&^^m         ^^^«'*  leucocytes  and  the  eomnvpMle  cells,   on 

^"  (ii?i^'^^^^Wp*        ^^^  other  hand,  are  formed  in  the  bone  inar- 

NH?t   ^  ~  ^^383?''^        j.^^^^.      Whether  the  large  cells  with  clear 

FKi.  176- Section  fnun  the  genni-     nuclci  kuown  as  mononuclear  leucocytes,  and 
FieiS"g"'*"Ti^^^^^  ^^^^  Iransition foi-nui   with    horseshoe-shai)ed 

i.vmph<Kyt^:  f,'kary(.mitos»^';  (/,  di-  uuclci  developing  froui  the  latter,  are  also 
i;^nS:u;lr,''..Hl:Vmu";;rnK  'n'Sfr  fonm-d  in  the  bone-marrow  is  doul^tful. 
ra,'.";r.l',rpuJS'^^,l!!rr;C^  They  can  also  be  regarded  ius  more  fully- 
siffniflcaiic**  i.s  unknown.    X  4(xj.  developed  lymphocytcs. 

A  pathological  increase  of  the  colorless 
cells  (leucocythaemia)  may  take  place  through  an  increased  emignition 
of  cells  from  the  formative  tissues  without  an  actual  increase  in  cell- 
jinxluction.  A  long-continued  persistence  of  such  an  efflux  presupposes 
an  increased  production  also. 

A  tiansitoiy  leucocytluemia  is  designated  leucocytofdn,  while  a  pernm- 
nent  ()n<^  is  called  leukwmuf.  The  former  is  chanicterized  by  an  increase 
in  the  neutroplule  polynuclear  leucocytes,  rarely  by  increase  in  the 
lyni])liocytes.  Two  forms  of  leukiemia  are  distinguished:  a  lymphivmia 
in  which  the  lymphocytes  are  increased,  and  a  myelccmm  or  myeloid 
Ivakivinia,  characterized  by  t he  appearance  in  the  blood  of  wyWoci/f^/j,  mono- 
nuch»ar  cells  with  neutrophile  granulation  arising  in  the  bone-marroAv. 
(8ee  Pathology  of  the  Blood.) 

The  ])()lynuclear  leucocytes  escaping  from  the  circulatory  system  show 
no  i)r()giessive  changes.  The  mononucJear  cells  of  the  blood  may,  on  the 
contrary,  appear  in  various  forms  known  as  epithelioid  celh,  plasma -cells, 
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IdasnuiiocyteH,  and  niast-ceUs,  With  reference  to  their  power  to  give  rise 
to  different  forms  of  cells  they  may  be  designated  sis  polyhlads  (Maxi- 
mow).    (See  also  chapter  on  the  Inflammatory  New-formation  of  Tissue. ) 

According  to  Neumann,  the  young  forms  of  the  red  blood-cells  multiply  in  the 
lymphoid  marrow.  Bizzozero  and  Denys  hold  that  this  new-formation  takes  place 
normally  only  within  the  marrow- vessels,  and  the  new-formation  of  the  red  blood-cells 
is  completed  within  the  same.  The  change  of  the  nucleated  cells  into  non-nucleated  ones 
is  brought  about,  according  to  many  writers,  through  a  disappearance  of  the  nucleus. 
According  to  Rindfleisch,  HoweU,  Malassez,  and  Maximow,  the  nucleus  is  extruded. 
According  to  Maximow,  there  may  be  distinguished  in  the  protoplasm  of  erythroblasts 
possessing  old  pyknotic  nuclei  a  granular  area  surrounding  the  nucleus  and  a  homo- 
geneous peripheral  substance.  After  the  extrusion  of  the  nucleus  the  inner  granular 
substance,  which  stains  with  neutral  red  and  other  dyes,  is  at  first  preserved,  but  vanishes 
with  the  ripening  of  the  capsule. 

According  to  Bizzozero,  the  young  forms  of  the  red  blood-cells  are  cells  of  an  individ- 
ual type  that  are  always  haemoglobin-containing  and  have  no  colorless  ancestors.  Denys, 
Lowit,  Howell,  and  Papf>enheim,  on  the  contrary,  hold  that  they  arise  from  nucleated 
luemoglob in-free,  colorless  cells  (basophile  leucocytes,  Pappenheim)  believed  by  Denys 
to  increase  within  the  marrow- vessels;  while  Ldvnt  thinks  that  the  colorless  antecedents 
of  the  red  cells,  which  divide  by  mitosis  and  which  he  calls  erythroblasts,  occur  in  the 
lymph-glands  and  spleen  as  well  as  in  the  marrow,  and  lie  both  within  the  vessels  anci 
in  the  meshes  of  the  reticular  tissue. 

Flemming,  who  agrees  with  Bizzozero  concerning  the  haemoglobin-content  of  the 
nucleated  young  forms  of  red  cells,  is  inclined  to  assume  that  the  young  forms  present 
in  later  life  are  the  direct  descendants  of  the  young  fonns  of  the  embr>'onic  period. 
Neumann  holds  that  this  hypothesis  is  not  sufficient  to  explain  all  the  phenomena  of 
later  life;  as,  for  example,  the  replacement  of  the  fatty  marrow  which  contains  no 
nucleated  red  cells  by  blood-forming  lymphoid  marrow,  and  the  formation  of  red  blood- 
cells  in  such  newly-developed  marrow.  He  finds  himself  force<l  to  the  conclusion  that 
either  a  development  of  tne  nucleated  red  cells  takes  place  from  the  leucocytes  of  the 
blood  which  after  birth  are  carried  to  the  marrow  through  the  arteries,  or  that  they 
arise  from  the  tissue-elements  of  the  bone-marrow. 

Petrone  believes  that  the  red  blood-cells  of  the  mammals  are  only  apparently  non- 
nucleated,  and  that  it  is  possible  bv  means  of  especial  methods  of  fixation  and  staininp 
to  render  the  nucleus  visible.  This  invisible  nuclear  substance  is  iron-containing  and 
shows  an  affinity  for  acid  stains,  while  the  nucleus  of  the  erythroblasts  stains  with  basic 
dyes. 
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§  85.  The  new-formation    of  transversely  striated  muscle-fibres 

takes  its  start  from  portions  of  old  muscle- fibres;  and  although,  after 
injury  to  a  muscle,  the  intermiLscular  connective  tissue  may  be  excited 
to  active  proliferation,  there  is  formed  in  consequence  only  connective 
tissue,  or  probably  also  the  sarcolemma  of  new  fibres,  but  never  new 
contractile  substance. 

The  fii>it  signs  of  a  formative  activity  of  the  muscle-fibres  after  injury 
appear  in  the  muscle-nuclei,  in  that  these  become  elongated  and  then 
divide  into  a  varying  number  of  fragments.  Even  on  the  second  day 
there  nmy  occur  mitotic  division  (Fig.  177,  a,  h)  of  the  muscle  nuclei. 
This  form  of  division  seems  to  be  the  only  way  in  which  multiplication 
takes  place,  and  under  favorable  conditions  it  occurs  very  actively  after 
the  second  day. 

The  behavior  of  the  contractile  substance  of  the  muscle  differs  very 
markedly  according  to  the  nature  and  extent  of  the  injury.     In  the  ease 
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of  traumatic,  toxie»  and  iiiueniie  injuries  it  suifers  a  fragmentation  into 
lari^er  and  smaller  portinns,  so  Uiat  the  DiiLsele  eells^  mnie  to  lie  in  spaces 
i»f  varying  size  iH^tween  the  dt^ritiis  ot  the  niust*lr-libres,  Crnshiiif^  and 
tearing  ean  bring  al^out  a  w  idi/  se^paratiiHi  of  Uie  parts  of  the  eojitiactile 
substance.  The  ends  of  the  pieees  of  luuseleHbres,  in  siieh  a  ctisi%  may 
be<n)nical,  obliqne,  tninsver-se,  nr  torn  in  an  irregular  edge,  bnt  notinfre- 
qnently  after  a  short  time  the  ends  Inn'onie  split  into  two  or  more  pointed 
ti laments  (Fig.  177   (t). 

The  niitotie  tlivision  (»f  the  nuiscle-nncleus  takes  phiee,  not  only  in 
iiueh*i  that  rest  npon  living  tibi'es  ((f),  bnt  also  in  tlie  mnsele-eells  lying 
free  in  thespaees  between  the  st^parated  mnseleiibres  (// ) ;  and  in  lii*tli 
plaees  leads  to  the  |n<Hinetion  of  largo  mnltinuelear  eells,  whieii  form 
Ditiltinnelear  pn>toi>hisjnie  massifs  on  the  ends  of  the  masele-fibres  (r,/) 
as  well  as  on  the  body  of  the  fibres  (r).     Into  these  niass**s  the  trans- 


fi*f*»Dt  iiiti**  '  Flentnilnir^g,  safranln  i.  a,  Polrir^d  etidw  nf  Oip  **pllt  sttiiiip  v(  u  [yusi'k*-tli«r»\  wirli  iiuckuir  dlvl- 
frlf*ii-nifun'*,  Thi>*  ilays  iiftt^r  tflwrdtlofi  of  tht^musrk*;  h.  pmJlferuU'il  mu(*c't*^n»irlt»j  tnm«f»jrm4^^l  IntiMflls 
rl«-h  tn  |irT*l<if»lwHin»  un**  of  whk'h  is  tti  pnm'fw*  of  inltoijr  rlivjfiliin  ;  r,  plt*w?  nf  a  irm*'(r*-[]br».*  flirki  ttttVi*  »»fier 
^  lyinir  lb«*  ifiuw'h*;  </,  irlaiUH'fltM^  ernlcislnff  nf^rotlr  piee^ps  of  inufirle,  fmm  u  niujn  h^-Wiir  nv«ivl>-Hix  ilavs 
frltl ;  c. /.  iTin*'le-(lbr*>  ♦*rnltnjt  In  pmloplasmlo  rtnuiMes  (iniiwIe-Siidw^  i;,  fmiu  a  miiw^li^-'tfjir  t*'ri  ilav»  tiki, 
/.  fiiuu  Ktne  I  wentv-*»ii«  rtays  old  ;  (/,  dlvidlri^r  mttscli^-nbnn  rmm  n  inuftele-sc^iir  forty-thPtH*  dnys  *ilfl.    v  gi.^ 


versely  striated  mnse.le-siibstatiee  passes  without  a  sharp  line  of  demait^a- 
tion.  Thei*e  oeeni>i,  therefore,  af  the  wmt'  fimr  itifh  fhr  mitltipUmiiitn  of 
thf  fturh't  an  inrreattf  of  the  nareaphtsm  tf  ihr  mn.Hcfe-fthrfK  (fud  ihhn  hfcomrs 
diKiiuHfif    vitdhh'. 

The  mnselecells  not  conneeted  with  living  contractile  substance  be- 
CHime  changed  into  Jargr  epHhdioid  rHh  icith  htrqe  nurhi  (h).  Thr^ingli 
continued  division  of  the  nnelens  these  cells  LR'come  transformed  into 
multitnirhar  protophtmnh  nutJ^^'n  (//);  and  a  s^-ar,  eonsisling  of  in'olifer* 
aring  connective  tissue*  of  from  eight  to  thirty  tlays  old,  contains  such 
^anr-t*eMs  which  often  enchjs**  the  remains  of  i»ld  muscle  fibres  (//)  in 
large  nnml>ers, 

Tlie  Hf'tr  fiutgel^-fhreH  thvHopfor  the  chiff  part  from  thf  rirhftf  ufiehtttt'd 
mtrenplumn,  wbieli  appears  in  fht*  etmtinuity  and  at  the  ends  of  the  mnsele- 
fibfvs,  in  connecHtJU  with  the  tbrmation  of  nnmerons  large  nuclei,  and 
which  throngh  its  incre;t>i**  of  size  eaust-s  an  increase  in  tlie  thickness  and 
length  of  tlie  musele.s  which  hiiH  been  designated  bnthUnfj  by  Neumann. 
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\Vith  the  transformation  of  the  sarcoplasni  into  muscle-fibrillsB  there 
appears  gradually  a  longitudinal  and  later  a  transverse  striation,  a  sign 
that  the  organic  structure  of  the  plasma  has  completed  its  development 
in  the  way  characteristic  of  muscle. 

The  greater  part  of  the  proliferating  muscle-celU  which  have  no  connection 
with  living  muscle-fibres  die;  but  it  is  to  be  noted  that  they  persist  for  a 
long  time,  so  that  not  infrequently  there  may  be  seen  in  muscle-scars 
from  eight  to  forty  days  old  great  numbers  of  protoplasmic  masses  very 
rich  in  nuclei.  Under  certain  circumstances  these  may  fonn  long,  con- 
nected bands,  or  rows  of  separate  pieces  of  protoplasm.  There  can  be 
no  doubt  that  a  part  of  these  cells  under  favorable  conditions  become 
transformed  into  transversely  striated  muscle-substance ;  and  this  takes 
place  either  by  the  formation  of  new  independent  muscle-fibres  or  by 
union  with  old  muscle-fibres  or  muscle-buds.  The  disconnected  new- 
formation  of  muscle  from  proliferating  muscle-cells  occurs  particularly 
when  the  contractile  substaiu'e  is  destroyed  while  the  sarcolemma  re- 
mains intact  (as  in  typhoid  fever).  On  the  other  hand,  the  formation 
of  buds  is  observed  especially  at  the  ends  of  fibres  which  have  been 
divided. 

The  buds  springing  from  the  ends  or  sides  of  muscle-fibres  may  cause 
a  simple  elongation  of  the  muscle-fibre,  frequently  deviating  from  its 
original  direction  (/).  Often  there  are  seen  fibres  which  have  split  into 
two  or  three  parts  (^),  so  that  the  old  fibres  branch  as  they  pass  into  the 
muscle-scar.  As  far  as  we  know,  this  splitting  of  the  fibre  occurs  very 
early  (a),  before  the  proliferating  muscle-nuclei  have  formed  much  sar- 
copliusm,  so  that  the  proliferation  appears  first  in  the  split  portions  of 
the  fibre.  As  a  result  of  such  splitting  a  muscle-scar  may  come  to  con- 
tain a  greater  inimber  of  muscle-fibres  than  were  originally  present  in 
the  affected  area. 

Jfi/pertrophy  of  tramversely  ntriated  mmcle  takes  place  through  an 
enlargement  of  the  individual  muscle-fibres;  the  thin  muscle-fibres  in 
l)articnlar  l>econiing  increased  in  thickness  (Morpurgo).  The  nuclei  do 
not  become  increased  in  number.  On  the  other  hand,  such  an  increase 
does  take  x)hice  in  the  case  of  a  growth  in  length  of  the  muscle;  and  is 
the  rasult,  most  x>robably,  of  amitotic  division  (Morpurgo). 

A  new-formation  of  heart-muscle  has  not  yet  been  positively  demon- 
strated. After  injuries  of  the  heart,  division  figures  appear  in  the  mus- 
cle-cells, but  after  a  few  days  these  can  no  longer  be  demonsti^ated,  and 
the  wound  heals  through  the  formation  of  ordinary  scar-tissue.  Focal 
degenerations  of  the  myocardium  likewise  heal  by  connective-tissue  cica- 
trization. 

A  new-formation  of  smooth  muscle-fibres  as  well*as  regeneration, 
occurs  after  traumatic  or  toxic  and  ischicmic  degeneration.  It  occurs 
also  in  hypertrophic  new-formations  of  muscle-tissue — for  example,  in 
tumors — and  is  initiated  by  mitotic  division  of  the  nuclei  of  the  muscle- 
colls,  which  is  followed  by  division  of  the  cells.  According  to  the  results 
of  experimental  work  and  also  of  observations  upon  the  muscle-tissues  of 
man,  the  reproduction  of  fibres  after  injuries  and  focal  degenerations  is 
but  slight,  ceasing  after  a  short  period.  Thus,  for  example,  defects  in 
the  nuiscnlaris  of  the  stomach  and  intestines  or  of  the  bladder  arts  for 
the  chief  part,  closed  only  by  connective  tissue. 

Hypertrophy  of  smooth  muscle-fibre  is  a  phenomenon  which,  within 
certain  limits,  is  of  very  frequent  occurrence.     In  the  pregnant  uterus 


REGENERATION    OF   NERVE-TISSUE.  303 

the  size  of  the  muscle-cells  may  reach  five  to  ten  times  the  ordinary  size. 
Of  other  organs  the  bladder  most  frequently  shows  a  marked  hypertro- 
phy of  smooth  muscle. 
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§  86.   Regenerative  new-formation  of  the  nerve-elements  of  the 
central  nervous  system  through  the  new-formation  of  ganglion-cells 

most  probably  does  not  occur  in  man  and  nuimmals  in  post -embryonal 
life.  According  to  the  investif^ations  of  Stroel>e,  on  the  other  hand, 
divided  nerve-JibrUs  (in  mammals)  inay  grow  lengthm>ie  to  a  coiain  extent 
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through  sprmdiHff  of  (he  axk-ci/UtttJrr ;  and  this  is  true  particularly  of  the 
tilnes  of  llie  pyrumidal  tractH  and  tlii*  pijsterior  roots,  both  of  which 
alter  heiiiic  divided  jjcrow  into  the  si'Mr-ti8Sue  developiii),^  at  the  Bite  of  the 
woiiixl,  the  turuier  in  adtnviiward  direetion,  the  hitter  upward.  Aeuni- 
plele  resi  oral  inn  if  nerv(»iis  tijssue  di>e8  not  take  i>laet%  aud  a  dfdVet  in 
the  spinal  e^inl  due  to  tjauma  is  repkieed  essc^ntially  l>y  eoniieetive  lis- 
Bite,  in  part  also  by  neuroglia.  According  to  investigations  by  Burst, 
new  ax  is- cylinders  nniy  In"  formed  witliin  the  newl'ormed  neuroglia  in 
the  neighherlio^Ml  of  cereliral  h*Kions,  and  uieclulhtry  nerve-fibrils  may  be 
produced  hy  the  ontgrowth  t>f  Mid  fibres. 

Regeiterative  and  hypertrophic  proliferatlorts  of  neuroglia  are  jdie- 
noniena  wtiieh  occur  frequently  in  dis^^ased  cnnditiuiLs  of  I  lie  cent  nil 
ner\iJU8  syNleui,  and  either  follow  degent*iative  changes  of  the  nervous 
elenieids,  or  in  part  alst>  destruetiou  of  the   neuroglia,  or  they  may 

appear  without   8uch 
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antecedents,  in  the 
latter  ca.se  arising  in 
|>art  during  the  period 
of  developUH'iU* 

The  newl'orina- 
tiou  is  brought  about 
liy  mitotie  *livisi<ui  of 
the  nuch-i  aud  cell- 
bodies  of  the  glia- 
cells,  evenlnnlly  also 
of  the  ependy  niacells. 
The  newly  formed 
glia-  eel  Is  p  r  o  d  u  c  e 
later  a  great  profusion 
of  deiicatc  iibrillar 
p  roeesses  (Fig.  178, 
a),  antb  a^s  iu  the  nor- 
ni:d  tissues  td*  the  vim- 
tral  nervous  system, 
there  may  be  distin* 
guished  anituig  these 
cells  which  are  known  as  aMroct/teH  (Deiter^s  cells)  two  varieties,  the  so- 
called  ''momif  cells ^*  {Kurzsinih/er}  and  the  so-called  ^^^ji/f/cr-Ci^^//;*"  {Lung- 
gtrahlrr)  with  long,  stilT,  less-fnx^ly  branching  processes  {a).  The 
process^'s  of  these  ceils  form  s*Hnetinies  a  loose,  HJnietimes  a  dense  felt* 
M'ork  *tf  fine  tibrillie  {a,  h)  in  whi(*h  the  cells,  which  have  but  little  proto- 
jjhisni,  are  cmijcdded.  Aft**r  full  deHclopment  of  the  tis8ue  a  st*paration 
of  thi*  {jroccsses  from  I  lie  cell  botlies  may  lake  i*lacc.  The  thickening 
of  the  tissne  cansi'il  by  tlie  ]jioliferatiou  is  kn<nvn  as  xcltroxiJi. 

Regenerative  new-formation  of  the  nerve-fibres  of  the  peripheral 
nervous  system  is  of  very  freqneiit  oceurj'cnce  and  takes  ]>lace  in  all 
those*  cases  in  which  thrtuigh  any  int]ueiu*e  the  conlinuity  of  a  nerve- 
fibre  is  entirely  i>r  jfartiaMy  interrupted.  For  its  acconiplishmeni,  how- 
ever, it  is  imleed  uecess:iry  that  the  ganglion -cells  whose  process€*s  form 
the  nerve-fil>res  iu  fpu*stioii  be  pn^sin-ved. 

When  a  iitTve  has  heen  severed,  tlie  axiscyliiuiers  and  medullary 
sheaths,  in  the  distal  portion,  umlergo  degeneratiioi,  the  latter  breaking 
up  into  droi)  like  detritus,  which  later  is  dissolved,  Itnring  the  disin- 
tegnitiou  of  the  nerve-fibres  the  nuclei  situated  lieneath  the  sheath  of 
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Fig.  178,— Scl erotic  tlwue  fmm  thn  poKierior  ooJustidb  of  a  case  of 
TiiultU'l*"  HCterimte  (MQll<?r'jf  nultl,  Miillory*s  ra*HlnKl).  a,  iiWH^^lli^  with 
uuiiH>riiiiH  prifM'«s!*s,  mpen  in  louirltudlu&l  tkeoaoii ;  Ik  !M'len>Ho  tlntjue 
witb  irunsversely  rut  ^lla  dbrra.    X  SAUk 
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Schwann  undergo  mitotic  division  and  form  cells  rit'li  in  protoplasm, 

which  may  take  up  into  themselves  the  products  of  the  destruction  of 

the  nerve- tibres. 

Of  the  proximal  portitni  of  the  nerve  the 

peripheral  extremity  alone  degenenites,   as 

far  ajs  the  next  lianvier-s  node,  or  the  next 

one  Ijeyond. 

The  regeneration  of  the  nerves  begins  a 

few  days  after  tbcoi>enitiyn,  in  I  he  prtiximal 

jwrtioji,  about  0.4—2  cm.  above  the  cut  end. 
The  fimt  chajige  consists  in  n  swelling  of 

inilividual  axis-cylinders  in  the  peripheral 

part8  of  the  nerve- buudie  of  the  proximal 

end,  w^hieh  is  hiler  fulluwcd  by  a  splitting* 

off  of  two  to  hvoor  more  new  axis-cylinders. 

The  new  axis-cylinders  arising  in  this  way 

from  the  obi  ones  grow  in   a   longitudinal 

dii^ection  (Fig*   J7n,  <i,  h)  and  forui,  within 

the  sheath  of  Sc*hwaun,  wh<jle  bundles  (Figs. 

17!>,  c  ;    l«S0,  e)  of  ucwly  formed  ricrve-fihi-es, 

which  for  the  most  p:irt  till  up  the  entire 

lumen  of  the   old    nerve-tubes,   and    iutlewl 

Kt retch  it,  and  more  nuvly  i*ucluse  remains 

of  the  old  riluH^s  (Fig.  ISO, /).     Singh*  fibres 

may  even  bre^ik  thnmgh  the  old  shciith  of 

Schwann,  and  then  either  extend  further  in 

the  endonenriunij  or  penetrate  tli rough  the 

I)enneunum    of  the  nerve-bundh^    into  the 

epineurium. 

In  tliis  way  there  are  formed  on  the  h>wer  cud  of  the  proximal  portion 

of  the  nerve  a  large  number  of  new  iierve-tibres,  wJiich  in  tlie  lieginniug 

consist  only  of  the  newly  t'onniHl  axis- 
cyliudei-s,  luit  immetJinhOy  surround 
tbenisi'hes  with  a  medullary  sht*ath, 
which  hy  reason  of  its  irregular  de- 
velopment gives  to  the  nerve -fibres  a 
varicose  appeanince  (Fig,  179,  e). 
Later  the  fibres  acquire  a  neurilenuna- 
sheath  —  that  is,  a  cotnn'ctivc-t issue 
covering  which  is  probalvly  formed 
from  the  nervecorpus^'les  C4)nceriied  in 
the  prnli  feral  ion, 

^Mien  a  nerve  is  entirely  severtni 
and  there  is  no  possibility  of  a  union 
with  the  distal  portion — ^as,  for  ex- 
ample, occurs  in  all  amputations  of  the 
extiviuities — ttn*re  is  fcu'ined  in  the  re- 
gion of  the  cut  end  an  cnd»ryonie  tissue, 
springing  from  the  erumective  tissue  of 
tlie  nerves,  wViich  later  on  becomes 
changed  into  cojinective  tissue.  In  tiie 
bfgiuniiig  fre<^  from  nerves  this  <Min- 
ne4'tive  tissue  l>eeonies  jjeiiet rated  Ity 
young   nerves   grt^wing   out   from   the 


Fig,  '^n  -Old    Rud   newljr  fornipd 
iiprv<»-Ilbrci«     fr«>m     mi    aniimtaiion' 

h}T*»  fluid,  WHi^^rt's  KlftliM.  if,  iK  Old 
nervp-JIbrvs, fnmi  whlih sevf ml  v<Hir»f( 
oerve'flbrt^i   tiiivt-   Kn»wtj;   f\   iit^uh- 
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nerve-fibres  of  the  nerve  stuiii|t,  which,  arnin^ed  in  small  lioiidles,  or 
skittered,  ^row  iiito  the  eonueetive  tissiiii  uiid  peuetrate  it  in  every  dii-ee* 
tiou  (Fig.  1*S1),  Not  iufrequeiitly  the  gr^_iwlh  of  iit*rves  is  so  extensive 
tJKit  luidtilar  or  eJiihlx*(l  su'ellioj^s  (Fi^.  181,  //)  iirist^  on  the  e mis  of  the 
nei'ves.     Sui-h  ;i  swelling  is  known  as  uji  mttpufdt itm - Hf'k romn , 

When  II  nerve  aftei*  division  is  a^ain  united,  or  if  the  division  of  the 
oerve  is  only  pitrthil,  the  nerve-iiluM'S  growing  out  from  the  proxiiaiil  end 

after  iMMiehatiii^  the  vojiiieetive  tissue 
formed  in  the  site  of  the  wound,  may  in 
part,  or  all,  tiiid  their  way  into  the  per- 
ipheral portion  of  the  ner^e  where,  in  the 
mtau  time,  the  nervedilires  have  lx*en  de- 
8t roved.  In  this  way  the  distal  eml  raaii 
again  bemnie  nrumthnJ — that  is»  sui»|ili*Hl 
by  new  nerves»  Ai^eordinjis:  to  invest  ipi- 
tions  ot  Forssmaim,  the  direction  of  the 
newly  growinji:  libres  is  governed  by 
cliemotaetic  inthienees  arining  from  the 
disintegration  pnjdnets  of  the  old  nerve- 
iibres. 

Aeeoi-diug  to  the  investigations  of 
Vanhiir  tlie  growth  of  a  regenerating 
nrr\e  is  alionl  (K2-t  mm»  daily^  accord- 
ing t(»  the  ehaiaetcr  of  the  Itssne,  A 
Itortion  of  the  new  tu^rve-iibres  may  ijen- 
I'trate  into  tlie  old,  on  ply  shcatli  of 
Schwann  ;  others  extend  into  the  epinenr- 
iiiin  and  peri nenri inn,  and  in  this  situa- 
ticm  grow  toward  the  pi^iiphery  to  the 
end-organ.  Singh*  tibres  may  pass  by  the 
end  of  the  ner\es,  and  grow  toward  the 
IMniiihery,  either  along  the  old  nerves  or 
by  an  iiule})endent  nnite,  Marty  fibit\s, 
which  leave  the  old  mute,  are  iinally  lost 
in  the  tissues.  In  the  lower  portion  of 
the  internu^diate  substance  (Vnnhiir)  the 
nerve-strands  begin  to  colh*ct  intiv 
bundk-s  again,  and  with  the  formation 
of  a  ijcrineurinm  alHint  the  latter,  the  re- 
generat4Mi  nerve  takt^s  on  more  and  nn>re 
the  structure  of  a  nt^rnnd  nerve. 

The  alHJve-descriiHMl  process  of  j'egen* 
enition  requires  for  its  aceoinplishment 
weeks  or  even  months,  and  sometimes  is  not  com^dete  after  several 
months. 
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Fin*  l«l.  Ain|iiimtt<iii-iieurouiH  or  tli^ 
«oliilfc  nervt',  in  lutiitrttufllnnl  *er'tlini  fani- 
piitatlrm  of  nerve  rilhe  yeuns  i>reviyLii*Iy) 
iMfllUT*^  Uiild).  a,  ?i4?rve;  h^  iieunjiiitt. 
X3. 


The  question  of  the  reg^weratlan  of  the  central  nervous  system  is  Rtill  under 
discussion.  It  is  gciiemliy  iir<i*'piiHl.  an  huviiiir  burji  fstfiblisln  il  liry^in^l  all  rjoiibt,  that 
ill  the  cold  blo<K  led  animals,  n  ptiks,  airrl  tiiilcd  ttuiphiliia,  a  ri' genera  live  ninv  fc^nna- 
iratinn  of  portions  of  tlie  cent  ml  nervous  system  can  take  jdace.  In  tlic  case  of  warni- 
iiloodcd  auirnalw,  parttcnlarly  in  the  rnaiiinials.  ilif  majority  of  t^xperiniental  iiivi'sli- 
;:aljiins  imvt^  failed  to  demiinstrate  a  re,ircnienitivt'  ui^w-fnrrn>ition  of  ganirlion  cidls. 
TrdfMrhi,  Vitzon  and  otkcrs.  <'laim  to  have  oh^ervf-d,  after  injndea  of  various  kinds, 
both  a  Df'W-fonnation  of  neurnglia  and  of  gani^lirm-ix^hs  anti  nerve-fibres;  but  the 
invcHtigationa  carried  out  in  my  laboratory  by  tschislomUch  seem  to  me  to  contradict 
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these  assertions.  The  results  obtained  by  Orunert  in  experimental  work  with  pigeons 
agree  with  the  conclusions  arrived  at  by  TschiHtowitifch. 

Monti  and  Fieschi  could  demonstrate  no  evidences  of  regeneration  in  the  ganglion - 
cells  of  the  sympathetic  after  injuries.  T(/relli  found  only  degenerative  changes  in 
the  ganglion-cells  of  the  intervertebral  ganglion  after  injury  of  the  same. 

The  new-formation  of  peripheral  nerve-fibres  has  been  made  very  frequently 
the  subject  of  experimental  research,  and  different  observers  have  come  to  very  differ- 
ent conclusions  (see  Sti'oebe,  I.  c).  The  above -described  motle  of  new-formation  I  regard 
as  firmly  established,  in  so  far  as  its  essentials  are  concerned,  upon  the  ground  of  per- 
sonal investigations.  I  have  been  unable  to  confirm  the  views  of  Neumann,  Dobbert, 
Ihtnkiewicz,  Cattani,  Weir  Mitchell,  (Hack,  IknekCy  ton  BUngjier,  Wieting,  and  others, 
who  hold  that  the  new  fibres  in  the  distal  portion  of  the  severed  nerve  rise  autochthon- 
ously  fmm  the  nuclei  of  the  sheath  of  Schwann,  or  from  tlie  old  axis-cylinder,  or  from 
a  protoplasmic  mass  formed  by  a  chemical  transformation  of  the  medullary  sheath  and 
axis-cylinders  (Neumarm-DoiJbert).  The  view  held  by  Bethe,  that  the  nerve-fibres 
arise  without  participation  of  the  ganglion-cells  in  the  fused  ectodermatic  cells  whose 
remains  later  represent  the  cells  of  Schwann,  appears  to  me  to  have  been  shown 
by  von  K511iker '  to  be  incorrect.  Likewise,  the  attempt  made  by  Neumann  and 
Wieting  (Ma/rchand)  to  bring  into  accord  the  established  fact  of  the  outgrowth  of  the 
axis-cylinders  of  the  proximal  portion  into  the  scar  uniting  the  severed  ends,  with  the 
theory  of  the  origin  of  new  nerve-fibres  from  the  nuclei  of  the  sheath  of  Schwann,  or 
from  the  remains  of  old  fibres,  or  from  both,  by  the  assumption  that  the  axis-cylinders 
growing  from  the  proximal  end  convey  a  stimulus  from  the  nerve-centres  to  the  distal 
portion  and  thereby  make  possible  the  development  of  new  fibres,  I  regard  as  unsuc- 
cessful, and  hohl  to'the  above-given  view.  I  am  further  of  the  opinion  that  the  medul- 
lary sheath  is  not  formed  by  the  cells  of  the  slieath  of  Schwann,  but  represents  a  product 
of  the  axis-cylinders;  but  further  investigations  as  to  this  point  are  needed.  According 
to  JViW,  Marinetfco,  and  others  (see  B(irbacH,  I.  c.)  there  occurs,  after  the  severing  of  a 
nerve,  first  a  degeneration  in  the  corresponding  ganglion-cells  with  disintegration  of 
the  Nispl's  bodies,  and  this  may  lead  to  the  destruction  of  individual  cells.  Later, 
progressive  changes  with  new-formation  of  cliromatin  take  place,  and  may  lead  to 
hypertrophy  of  the  ceRs  (Manne»ro);  these  changes  reach  their  maximum  in  about 
ninety  days,  after  which  lime  there  is  a  return  to  the  normal  condition. 

fhv  regenerative  new -formation  of  the  tissues  of  the  eye  has  in  recent  years 
be<»n  repeatedly  an  object  of  research.  According  to  Wtdff,  Mi7ller,  and  Kochs  the  lens 
of  tritons  may  regenerate*.  aftcT  removal,  by  means  of  a  proliferation  of  the  epithelium 
of  the  inner  layer  of  the  iris.  According  to  liothig,  the  same  thing  occurs  in  the  trout. 
Gonin  observed  in  rabbits,  after  the  lens  had  been  removed  in  such  a  manner  that  the 
capsule  And  some  of  the  equatorial  lenticular  fibres  and  epithelium  of  the  anterior  wall 
were  left  behind,  that  there  occurred  a  proliferation  of  this  epithelium,  leading  to  the 
union  of  the  anterior  and  posterior  walls  through  cells  resembling  connective-tissue 
cells.  A  new-formation  of  lenticular  fibres  from  these  cells  does  not  take  place. 
Remains  of  the  lenticular  fibres  may  form  a  rudimentary,  useless  lens,  which  in  the 
case  of  young  animals  may  become  somewhat  enlarged  through  the  growth  of  the  fibres. 
Jiandolffh  obtained  somewhat  better  ri'sults  in  guinea-pigs.  In  the  human  eye  similar 
formations  are  seen  after  removal  of  the  lens,  and  are  known  under  the  name  of  "  Krys- 
tallwulst  "  {litutM).  According  to  Franke,  Krackmann,  and  Stoeirer,  the  sclera  possesses 
but  slight  power  of  proliferation.  Wounds  of  the  same  are  healed  chiefly  through 
proliferation  of  the  choroid  and  episcleral  tissue. 

According  to  Baquis,  there  (K'curs,  in  the  injured  retina  of  the  rabbit,  division  of 
both  ganglion  and  neuroepithelial  cells.  According  to  Kriickmann,  the  pigment- 
epithelium  is  capable  of  extensive  regeneration,  but  neuroepithelium,  on  the  other 
hand,  is  not  again  formed. 
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III.  The  Results  of  Transplantation  and  implantation  of  Tissues  and 

Ors^ans. 

§  87.  The  local  regeneration  of  tissue  is,  as  mentioned  in  the  last  part, 
very  often  but  slight,  so  that  losses  of  tissue  may  be  followed  by  perma- 
nent defects,  and  in  place  of  the  original  structures  there  may  appear 
only  a  cicatricial  tissue  of  a  lesser  value.  Consequently,  from  practical 
resisons,  many  attempts  have  l)een  made,  through  transplantation  and 
implantation  of  tissue,  to  aid  and  to  improve  the  healing-process;  and 
such  attempts  have  in  part  been  successful.  At  the  same  time  they  have 
also  thrown  light  upon  the  individual  life  of  the  tissues  and  upon  the 
behavior  of  the  organism  toward  implanted  living  tissue. 

The  most  successful  results  have  been  obtained  in  the  transplantation 
of  tissues  xchich  remain  connected  xcith  their  nutrient  vessels,  since  the  same, 
at  the  point  of  union  between  the  transplanted  portion  and  the  under- 
lying tissues  upon  which  it  is  placed,  grow  together  with  the  latter  in 
essentially  the  siime  manner  as  do  the  edges  of  the  wound  in  the  ciuse  of  a 
cut.  This  method  is  utilized  most  frequently  in  the  case  of  plastic  oper- 
ations upon  the  surface  of  the  body,  but  it  finds  applieation  also  in  inter- 
nal surgery.  For  example,  wounds  of  the  bladder,  intestine,  meters, 
tubes,  etc.,  may  be  easily  closed  through  implantation  of  the  omentum; 
and  the  surface  presenting  upon  the  lumen  of  the  organ  concerned 
becomes  very  quickly  covered  over  by  the  neighboring  epithelium,  which 
extends  over  it  from  the  edges,  or  is  also  transplanted  from  the  opposite 
epithelial  surface  (Cornil,  Carnot) ;  w  hile  the  omentum  itself  grows  to 
the  adjacent  wound-surfaces,  and  thus  through  changes  in  its  structure 
completely  closes  up  the  defect.  Very  often  such  an  implantation  of  the 
omentum  occurs  spontaneously,  as,  for  example,  in  the  case  of  traumatic 
or  ulcerative  perforations  of  the  intestine,  stomach,  gall-bladder,  etc., 
and  even  large  openings  may  be  dosed  in  this  manner.  As  experimental 
investigations  have  shown,  portions  of  intestine  provided  with  blood- 
vessels may  be  implanted  into  other  portions  of  \\\i^  intestines,  into  the 
bladder  (Enderlc),  stomach  (Keerink),  and  can  heal  perfectly  in  these 
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locations  with  preservation  of  their  own  epithelium.  Likewise,  portions 
of  bone  or  cartilage  connected  with  the  periosteum  or  perichondrium 
respectively,  and  with  nutrient  vessels,  may  be  implanted  into  neighbor- 
ing tissue. 

Transplantations  of  tissues  completely  freed  from  their  basement- 
structures  have  also  been  successfully  performed,  since  cells  loosened 
from  their  connection  with  the  organism  are  able  to  preserve  their  vital- 
ity for  a  certain  length  of  time.  The  cells  of  the  epidermis  are  able  to 
live  for  the  longest  time;  when  kept  cool  they  may  be  preserved  alive 
for  several  (two  to  nine)  days  (Wentscher  claims  to  have  been  able  to 
preserve  epithelium  ali  ve  for  twenty-two  days).  Ciliated  epithelium  may 
also  be  preserved  alive  for  several  days  and  still  show  movements  of  the 
cilia.  Xext  to  the  surface-epithelium  in  this  respect  stand  the  connec- 
tive tissues,  M'bile  other  tissues  quickly  die,  the  cells  of  the  bi-ain  and 
kidney  most  rapidly,  dying  within  a  few  hours  after  an  obstruction  to 
the  blood-supply.  According  to  the  investigations  which  have  l)een 
made  up  to  the  present  time  the  tissues  of  the  skin,  periosteum,  inter- 
articular  cartilages,  muscle  and  cartilage  easily  preserve  their  vitality 
for  two  to  three  days.  Morpurgo  found  cells  of  the  periosteum  to  be 
capable  of  reproduction  even  after  seven  to  eight  days.  The  tissues  of 
the  vessels,  tendons,  and  neurilemma  appear  to  be  somewhat  more  re- 
sistant. Exact  statements  with  regard  to  this  point  cannot  be  made  at 
present,  since,  on  the  one  hand,  the  expiration  of  life  does  not  take  place 
suddenly,  but  gradually  with  the  constant  diminution  of  vital  cells;  and, 
on  the  other  hand,  the  conditions  under  which  the  excised  portions  of 
tissue  are  preserved  also  influence  the  duration  of  life. 

TransplaniatwnJi  of  skin  give  the  best  results,  and  were  first  recom- 
mended by  Reverdin  and  Thiersch  for  the  healing  over  of  broad,  open 
wounds  and  have  since  been  extensively  used  for  this  purpose.  The 
material  used  consists  of  pieces  of  skin  which  may  be  taken  either  from 
the  same  individual  or  from  another  person.  Oniinarily,  strips  of  skin 
remo\  ed  by  means  of  a  sharp  knife  are  used,  which  include  the  tips  of 
the  papilhe  and  the  upper  layers  of  the  corium.  Epithelium  in  connec- 
tion with  a  thicker  layer  of  the  corium  may  also  be  successfully  trans- 
planted, and  in  the  case  of  injuries,  large  portions  of  the  skin  which  have 
been  completely  torn  off  may  be  again  joineil  by  healing  to  the  deeper 
tissues  on  the  very  same  spot  from  which  they  had  been  removed. 

The  transplantation  may  be  made  either  upon  a  fresh  wound-surface 
or  upon  one  already  showing  proliferation.  The  strips  of  skin  are  held 
firmly  in  place  by  means  of  moist  bands  of  gauze.  Tlie  pieces  of  skin 
beconu*  fastened  to  the  surface  of  the  wound  by  means  of  coagulated 
blood  or  lymph.  In  successful  cases  a  firm  union  with  the  underlying 
tissue  takes  ])lace  within  about  eight  days. 

The  nourishment  of  the  transplanted  pieces  (Fig.  182,  d)  is  obtained 
fiist  from  the  tissue-fluids  which  exude  from  the  underlying  tissues. 
Later,  there  begins  in  the  latter  a  vascular  connective-tissue  proliferation 
{h,  r),  and  the  transplanted  portion  becomes  penetrated  from  below  by 
new  blood-vessels  (g)  accompanied  by  fibroblasts,  so  that  it  finally  be- 
comes interspersed  with  new  blood-containing  vessels  and  areas  of  granu- 
lation tissue.  Under  favorable  conditions  the  old  vessels  may  again 
Iwconie  opened  through  the  ingrowth  of  new  vessels. 

The  behavior  of  the  transplanted  portion  varies  in  individual  cases, 
the  luunber  of  cells  living  and  proliferating  changing  with  tlie  condi- 
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tioiKs.  A  part  of  thr  celh  of  thf  tnniHpIanU'd  poi-tion  iit  fthmyji  lost,  aud  tlii*^ 
is  shown  macrosc'oi>ically  iii  part  by  the  repeated  desquamation  of  the 
superficial  layers  of  the  fpitlieliiiiii  (/'),  Othir  celh,  both  epitherml  and 
ctmnertire-itHiiur  re!l%  proUfende  mtfJ pntduee  new  fimue. 

The  final  oiik"t>ine  uf  a  suceessful  ti':iusplaiilatioi»  is  the  covering  over 
of  the  area  with  traiisjiiaiiipd  epitht*liiim  ajid  in  part  also  by  ttaD8]>laiited 
eiiriiiiiK  Throiij^h  tht*  3att*^r  it  is  iiuuU*  ]>ossible  that  the  eicatrit-ial  area 
cuines  to  possess  papilhw  To  what  extent  in  a  ^iven  eiuse  t!ie  superficial 
layem  i)f  ttie  cutis  luise  IVoni  the  skia-jjraft  or  to  what  exlent  from  the 
iiiSbxie  upon  which  it  is  planted,  cannot  be  determined.     If  the  papillary 
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tHKlies  ivmaiii  preserved,  a  j>ortion  of  tlie  tissue  may  Ik*  formed  from 
immigrating  fibroblasts.  After  a  time  the  tratisplanted  aiea  comes  to 
contain  nerves  which  grow  into  it  from  Die  etiges,  and  there  is  restt»red 
first  the  tsR'tile  S4^ns4*  (Stransky),  later  the  sensibility  of  pain  and  temper- 
atQT^«  NeweliLstie  tissue  also  develops,  as  in  oixii nary  scars,  from  tlie 
ends  of  the  old  fil>res. 

liesides  skin-transplantations,  there  liave  l»een  attempted  tninsplanta- 
tiou.s  of  almost  all  the  tissues:  periiistenm,  bone-marrow,  bone,  mustJe, 
nerves,  thyroid,  pancreas,  adrenals,  luarnmary  gland,  murons  ghmds, 
o^ary,  testis,  etc.;  also  of  tissneeombinirtions,  as.  fur  example,  a  nit*s 
tail  from  which  the  skin  h^is  been  stripped.     Embryonal  tissue  has  also 
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been  traiisplaDted  in  a  variety  of  ways.  Finally  the  attempt  has  also 
been  made  to  transplant  tissues  from  one  animal  to  another  of  a  different 
species. 

Such  transplantations  have  been  made  upon  open  wounds,  into  the 
subcutaneous  tissues,  peritoneal  cavity,  glandular  organs  and  lungs, 
either  by  direct  operative  procedures  or  by  the  introduction  of  the  tissue 
into  the  blood-stream  through  the  blood-vessels. 

The  results  of  all  these  experiments  may  be  summed  up  as  follows: 

In  all  tran^lunied  tismies  there  occnrsfirHt  a  degeneration^  and  a  part  of 
the  tissue  dies.  After  a  certain  time  thei'e  usually  results  ^proliferation 
of  the  remaining  portion,  which  may  lead  to  a  new-formation  of  tissue. 
Connective-tissue  cells  form  new  connective  tissue;  periosteum  and  end- 
osteum  form  bone  or  connective  tissue;  muscle-cells,  new  muscle;  carti- 
lage, new  cartilage;  surface  epithelium,  new  epithelium  (epithelial  cysts). 
Of  the  glands  the  thyroid,  mucous  glands,  and  mammary  glands  may 
form  new  glandular  tissue,  while  such  a  new-formation  does  not  take 
place  in  the  case  of  the  kidney,  liver,  testis,  and  ovary.  In  the  case  of 
the  liver  only  the  epithelium  of  the  bile-ducts  proliferates.  Only  in  the 
case  of  the  transplantation  of  the  ovary  into  the  peritoneal  cavity  of  the 
same  animal  can  the  ova  ripen  and  pregnancy  occur  (Knauer,  Kibbert, 
Gregorieff).  The  tissues  of  young  individuals  in  general  show  a  greater 
capacity  for  proliferation  than  those  of  old  ones.  In  the  case  of  the 
transplantation. of  complicated  tissues,  as,  for  example,  the  skinned  tail 
of  a  rat,  all  the  different  tissues  may  produce  new  tissues  and  the  whole 
piece  grow. 

Umhryonal  tissue  can  likewise  grow  after  transplantation  and  become 
differentiated,  and  it  is  shown  that  firm  cartilage  in  particular,  which  in 
later  life  shows  but  little  power  of  proliferation,  is  longer  preserved  and 
shows  further  growth,  while  the  delicate  soft  tissue-formations  easily  die. 

After  a  eertain  time  there  occurs  in  almost  all  the  transplanted  tissues, 
as  well  as  in  the  newly  formed  ti&sue,  a  retrograde  change,  and  they  are 
finally  destroyed  through  the  ingroioth  of  tissue  from  the  neighborhood.  The 
time  at  which  this  occurs  varies  with  different  tissues,  and  is  dependent 
partly  upon  the  character  of  the  tissue,  and  partly  upon  the  surrounding 
conditions.  Implanted  surface-epithelium  can  under  certain  conditions 
remain  permanently,  and  give  rise  to  epithelial  cysts.  Portions  of  thyroid, 
mammary  gland,  and  pancreas  are  pix^served  for  a  long  time.  Cristiani 
found  pieces  of  thyroid  intact  two  years  after  implantation.  The  major- 
ity of  the  tissues,  however,  disai)pear  within  a  few  months.  In  glands 
which  are  not  capable  of  proliferation  the  gland-cells  die  first.  If  all  of 
the  implanted  piece  is  not  destroyed  it  may  become  encapsulated. 

Tissue  of  different  species,  when  transplanted,  does  not  grow,  but  is 
either  destroyed  or  encapsulated,  sometimes  quickly,  sometimes  slowly. 

According  to  the  published  observations,  the  implantation  of  tissue  does 
not  lead  to  the  formation  of  a  pet^ianent  tissue  from  the  transplanted  piece 
except  in  the  case  of  the  transplantation  of  skin.  Nevertheless,  such  an 
implantation  may,  under  especial  conditions,  have  a  transitory  or  perma- 
nent value.  The  implantation  of  thyroid  or  pancreas  tissue  may  for  a 
certain  time  cheek  the  harmful  consequences  of  the  loss  of  these  glands. 
Through  implantation  of  a  tissue  into  a  defect  a  temporarj^  filling  of  the 
latter  may  be  produced,  and  the  neighboring  tissues  are  thus  permitted  to 
proliferate  for  a  longer  time,  and  to  form  a  greater  amount  of  new  tissue 
along  the  framework  afforded  by  the  implanted  portion,  and  so  finally  to 
close  up  the  defect  completely.  Bone  ( not  connected  with  nutrient  ves- 
sels) when  implanted  into  a  portion  of  the  skeleton  is  destroyed,  and 
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absorbed  (equally  so  in  either  case,  whether  living  bone  or  dead  and 
macerated  bone  is  implanted),  and  is  replaced  by  new  bone  arising  from 
the  neighboring  periosteum  and  endosteuni.  In  this  way  there  may 
be  obtained  a  better  healing  of  the  bone-defect,  and  such  implantations 
of  bone  or  ctirtilage  may  also  be  made  use  of  in  the  case  of  other  tissues, 
for  the  stimulation  of  a  more  abundant  production  of  tissue  for  the  pur- 
pose of  filling  up  tissue-defects. 

The  transplantation  of  nerves  has  never  resulted  in  the  new-formation 
of  a  nerve  from  the  transplanted  piece.  The  attraction  which  the  prod- 
ucts of  disintegration  of  a  nerve  (Fonssmann)  exert  upon  the  axis-cylin- 
ders growing  into  the  wound  may  be  utilized  to  direct  the  course  of  the 
growing  nerves  into  certain  channels. 
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IV.  Metaplasia. 

§  88.  Tissue  metaplasia  is  that  process  by  whicli  a  tissue  already 
formed  is  changed  into  another  cJosely  related  without  tlie  intervention  of 
a  cellular  embryonic  or  granulation-tissue  stage.  Tissue  metaplasias 
play  a  very  important  role  in  the  development  of  the  individual  connec- 
tive-tissue formations,  particularly  in  the  formation  of  bone,  cartilage, 
and  marrow-tissue.  Through  proliferation  of  the  periosteum  or  endos- 
teum  there  is  often  first  prmluced  ordinary  fibrillated  connective  tissue 
which  later  undergoes  a  transformation  into  osteoid  tissue,  bone,  or  carti- 
lage. In  the  case  of  a  mftaplasia  of  connective  tissue  into  osteoid  tissue  there 
occurs  without  further  c<*ll- proliferation  a  condensation  of  the  ground- 


siibstaiicf'  (Fig.  XKl,  a,  h)  whiHi  ieads  hy  \i  gntdiial  transforiniitiiiu  u> 
the  fonii:iti(*ii  t»f  an  ussvoiis  gi'uiiiHl-siUjstaure  (r)  stjiiuiiig  rt*il  %vilh  rnr- 
miiie  «»r  I'osin  ur  t'lirhsiii.  SluKilti  llinr  furtlH*r  <K'(Mir  a  (k*po«it  of  liiiu*- 
Siilts  (Fig.  1S4,  r)  true //ow//  /m/>f rw/rr  iiiav  lL>e  iu nut^d. 

Ill  the  metaplasia  of  cuiiuective  tissue  into  cartilage  the  gnMiuil  suli- 
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Fro.  183. — P^iioateal  formation  of  bone  ill  ft  cmse  of  raeiiiatRfic  carrlnomn  of  a  rib,  fH»i*in»^ 
to.Tylln,  picric  Add,  riiehsiiij  a,  FibrlUated  connwtiie  itssue:  b,  cnnufctlvr'  ti^suf  urni»*rtroiric 
condensation;  c,  fully  devt-loped  bone.     >;  ilOO. 
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stance  becomes  tbieker  but  at  tlte  same  time  iiirn-e  clear  and  .stains  less 
intensely  (Fig.  1S5,  <")  ^l»^»*i  tl**^  connective  tissue  l/^u  The  ct*lls  in- 
crease in  size  und  ciune  to  lie  iu  round  spaces.  Such  changes  may  lie  n[»^ 
served  in  the  pci'iosteum  uud  endostcum  as  tlu^  result  of  traumatic  oi' 
infectious  process<\s  or  in  Hic  ut^w-t'onuatiou  of  tilnons  tissue  assiM*iat<M I 
with  tumor  fornuiHous  (  Figs.  IS*A  and  1S5).  In  the  healing  of  wiunids 
Iu  the  tracheal  cartihiges  M*hich  are  first  closed  by  scar-tissue  developing 
from  the  perichnndrium,  cartilage  may  \m  developed  later  iu  the  sjiiue 
manner  (Fig*  is«n  h). 

If  normal  or  pathological  nfirjhrmcd  cmiilaffe  hecomen  penrfratr*}  hij 
blimd-rrmcU  the  cai1ilage-c(*lls  after 
the  dissohing  of  the  grourulsub- 
stance  may  form  rrfiruhtr  nfti/trrfive 
(ijufKf  through  the  development  of 
branched  ]irocesses  (Fig.  1ST;  b,  c), 
which  through  the  enclosni-e  of 
mnrroW'Cefh  takes  ou  the  character 
of  vmrroictimuf\  oiMhmngh  llie  tak- 
ing up  <if  fat  by  the  ct  lis  niiiy  be- 
come changed  into  afiipttMr  fissuf.  If 
iu  the  vasciilarimtion  of  the  carti- 
lage trabecul^e  of  cartilage  remain, 
these  may  be  tmnsformed  into  oxft'okl 
tUmue  { Fig,  188,  /)  which  when 
stained  with  h^matoxyliu  uud  <*osiii 


Fio.  1H4,"  Formation  of  boop  from  ootMJOftlTe 
Umuc  (BlwrioL  ha^tiiaujxytlnf.  CrosS'iecUon 
ItirtHip'b  II  \miiii  lTtiXi^vn\vL  in  prrvens  <if  formalion ; 
frrmi  tin  f^nlfvlriK  flbnmin  of  the  ;H'r1oj»teuiii  of 
Oil*  uppiT  jttw^  if,  rtitiQivUve  U«!*ut* :  h,  tlilcli:- 
eoBil  tlsHUe*  foniiinif  th**  (rromidworlE  of  tije  new 
Jkiih*;  f,  tk^rMwltH  of  ilra«>«ilts:  *f,  <'i>niiwav«Ml» 
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sociatcd  with  it  at  a  later  period ;  thus  myxomatous  tissue  may  become 
changed  into  adipose  tissue  if  the  star-shaped  tissue-cells  become  changed 
into  round  fat-cells  through  the  taking  up  of  fat,  while  the  mucoid  ground- 
substance  disappears.  Lymphadenoid  tissue  may,  after  the  disappear- 
ance of  the  lymphoid  elements,  be  changed  into  adipose  tissue  through 
the  taking  uj)  of  fat  into  the  cells  of  the  stroma.  Through  the  disap- 
pearance of  fat,  adipose  tissue  may  take  on  the  appearance  of  mucoid 
tissue,  and  occasionally  comes  to  contain  mucin. 

In  the  change  of  connective  tissue  into  myxomatous  tissue  the  fibrillse 
vanish  and  there  appears  in  their  place  a  jelly-like  mucus.  If  numerous 
lymphoid  round  cells  collect  in  fibrillated  connective  tissue  and  there  oc- 
cui-s  at  the  same  time  a  reticulation  or  a  disappearance  of  the  connective- 
tissue  fibies,  while  the  connective-tissue  cells  remain  preserved  and 
through  the  formation  of  processes  unite  themselves  to  form  a  reticular 
tissue,  lymphadenoid  tissue  may  be  developed. 

Epithelial  metaplasia  occurs  most  frequently  in  chronic  inflamed 
mucous  membranes,  for  example,  uterus,  urethra  (gonorrhoea),  nose 
(ozaena),  and  the  trachea,  cylindrical  epithelium  being  transformed  into 
pavement  epithelium. 

This  change  occurs  in  the  following  manner:  after  repeated  loss  of 
the  original  epithelium  the  regenerating  epithelium  changes  its  character. 
In  mucous  membranes  possessing  stratified  pavement-epithelium  the 
upper  cell  layers  may  show  cornification,  not  only  in  places  which  nor- 
mally possess  pavement-epithelium,  as,  for  example,  the  tongue  and 
cheeks,  but  also  in  those  possessing  transitional  epithelium  (the  urinary 
tract),  or  cylindrical  epithelium  (nose,  ureters,  and  gall-bladder).  In 
connection  with  this  phenomenon  should  be  mentioned  the  fact  that 
epithelial  tumors  arising  in  mucous  membranes  possessing  transitional 
or  cylindrical  epithelium  may  bear  the.  character  of  squamous-celled 
epithelial  tumors. 
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CHAPTER  VII. 
Inflammation. 

I.  The  Early  Stages  of  Acute  Inflammation. 

§  89.  Under  the  designation  inflammation  are  grouped  those  patho- 
logical phenomena  which  represent  a  combination  of  different  patholog- 
ical processes,  consisting  on  the  one  hand  of  tissue-degenerations  and 
tissue-proliferations,  and  on  the  other  of  pathological  exudations  from 

the  blood-vessels.  Degenerations  of  tissue  and  pathological  exudations  init- 
iate the  process  ;  with  these  tissue-proliferation  is  sooner  or  later  associated, 
the  latter  leading  in  the  further  course  of  the  process  to  a  compensation 
far  the  disturbance — that  is,  to  healing.  The  proliferation  of  tissue  may, 
therefore,  be  regarded  as  regenerative,  but  such  new-formation  of  tissue 
may  be  in  excess  of  that  which  is  useful  to  the  body.  The  tissue-degen- 
erations and  proliferative  processes  described  in  the  previous  chapters 
appear  for  the  greater  part  as  participating  factors  in  inflammation ;  the 
process  acquiring  its  inflammatory  character  through  the  combination  of  tissue- 
degenerations  and  tissue-proliferations  with  pathological  exudations. 

Deeper  tissue-lesions — that  is,  injury  of  tissues  containing  blood-vessels — 
which  in  some  way  or  other  affect  the  vascular  system,  will,  therefore, 
constantly  bear  at  some  time  during  their  course  the  character  of  an  inflamma- 
tion. The  fomuttion  of  scar  tissue,  the  healing  of  transplanted  tissues,  as 
briefly  described  in  the  last  chapter,  always  take  place  through  processes 
essentially  inflammatory  in  nature. 

Exudation  in  acute  inflammation  is  constantly  associated  with  a 
prononnced  hypercemia,  which  appears  even  before  the  beginning  of  the 
exudation,  and  hence  ushers  in  the  latter.  As  a  result  of  the  combina- 
tion of  hyx)ersemia  and  exudation  the  inflamed  tissue  becomes  reddened 
and  swollen.  When  situated  on  the  surface  of  the  body,  where  a  cooling 
of  the  tissues  takes  place,  the  increased  flow  of  warm  blood  from  the 
deeper  tissues  causes  a  local  increase  of  temperature.  If  the  tissue  af- 
fected contains  sensory  nerves,  the  sensation  of  pain  will  be  produced  as 
the  result  of  the  changed  conditions  in  the  inflamed  area. 

Redness,  swelling,  increased  warmth,  and  painfulness  of  the  in- 
flamed tissue  are  phenomena  which  even  in  ancient  times  were  regarded 
by  physicians  as  the  signs  of  inflammation ;  and  rubor,  tumor,  calor,  and 
dolor  were  designated  by  Celsus,  at  the  beginning  of  our  era,  as  the 
cardinal  symptoms  of  inflammation.  To  these  four  wsus  then  added 
still  a  further  symptom,  functio  Issa,  altered  function  of  the  inflamed 
tissae. 

The  causes  of  inflammation  may  lie  either  in  mechanical,  thermal, 
eiectricalf  or  chemical  influences,  as  well  as  in  the  influence  of  parasites. 
The  common  characteristic  of  all  these  injurious  agencies  is  the  produc- 
tion, in  the  first  place,  of  a  local  tissue-degeneration,  which,  when  of  a  certain 
extent  and  intensity,  is  associated  with  disturbances  of  the  circulation  and  of 
the  vascular  secretion.     The  causes  of  inflammation  are  not  specific;  any 
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injurious  agent  may  excite  inflammation  if  on  the  one  hand  its  action  is 
suflBciently  intense  to  cause  certain  disturbances  of  circulation  in  asso- 
ciation with  tissue-degenemtions,  but  on  the  other  hand  not  so  intense  as 
completely  to  destroy  the  tissue  and  stop  the  circulation. 

The  great  majority  of  the  causes  of  inflammation  reach  the  human 
organism  from  the  outside,  but  excitants  of  inflammation  may  be  formed 
also  within  the  body.  In  the  first  place  bacteria  which  have  penetrated 
into  the  tissues  very  often  form  within  their  protoplasm  or  from  sub- 
stances present  in  the  body  certain  products  which  are  capable  of  excit- 
ing inflammation.  Moreover,  substances  that  excite  inflammation  may 
arise  within  the  organism  without  the  aid  of  parasites;  particularly  as 
the  result  of  the  death  of  large  masses  of  tissue  from  any  cause,  as,  for 
example,  as  the  result  of  anaemia,  or  when  as  the  result  of  disturbances 
of  metabolic  processes  (gout)  products  of  metabolism  are  deposited  in 
the  tissues. 

The  causes  of  inflammation  may  act  upon  the  tissues  either  from  the 
portions  of  the  body  accessible  from  without,  or  from  the  lymph  and  the 
blood ;  and  we  may,  therefore,  distinguish  ectogenous,  lymphogenous, 
and  hematogenous  inflammations.  Through  the  spread  of  an  inflam- 
mation to  neighboring  tissues  there  arises  an  inflammation  by  con- 
tinuity ;  as  the  result  of  the  transportation  through  the  lymph  or  blood 
stream  of  an  agent  causing  inflammation,  there  are  produced  metastatic 
inflammations.  If  injurious  substances  are  discharged  through  the 
excretory  organs,  excretory  inflammations  may  arise. 

When  a  local  injury  to  tissues  has  reached  such  a  degree  as  to  pro- 
duce the  exudation  characteristic  of  an  inflammation,  there  is  usually 
found  in  the  fii*st  place  a  congestive  hyperemia,  as  a  result  of  which 
the  blood  flows  through  the  dilated  blood-channels  with  increased  veloc- 
ity. After  a  short  time  there  is  a  lessening  of  the  speed  of  the  circula- 
tion which  leads  finally  to  an  abnormal  slowing  of  the  blood-current. 

The  first  disturbances  of  circulation,  which  find  expression  in  the 
congestive  hypertemia,  maybe  due  either  to  a  stimulation  or  paralysis 
of  the  vasomotor  system  or  to  a  direct  action  upon  the  vessel -walls,  par- 
ticularly U])on  the  arterial  walls,  leading  to  a  dilatation  of  the  lumen. 
Although  these  disturbances  very  frequently  precede  the  inflammatory 
exudation,  they  do  not  form  an  essential  characteristic  of  inflamniation, 
and  occur  very  often  without  l)eing  followed  by  an  inflammatory  exuda- 
tion. Further,  they  may  be  absent  during  the  course  of  an  inflammation. 
The  circulatory  disturbances  characteristic  of  inflammation  are  shown 
only  when  the  slowing  of  the  biood-current  and  the  pathological 
exudation  from  the  blood-vessels  set  in.  The  slowing  of  the  blood- 
stream in  the  dilated  channels  and  the  pathological  exudation  are  de- 
pendent upon  a  change  in  structure,  an  alteration  of  the  vascular  walls, 
through  which  there  results  a  lasting  dilatation  of  the  vessel  and  an 
adhesion  of  the  blood  to  the  vessel -wall,  causing  an  increase  of  frictian' 
resistance  and  an  increased  penneahiHty  of  the  vessel-wall.  In  the  capil- 
laries the  persistent  dilatation  is  in  great  part  the  result  of  relaxation  of  the 
connective  tisnue  sur rounding  the  capillaries,  inasmuch  as  the  thinness  of  the 
capillary  walls  makes  this  tissue  bear  the  greater  part  of  the  blood-press- 
ure resting  upon  them. 

The  tissue-lesion  which  leads  to  the  phenomena  of  inflammatory  dis- 
turbances of  circulation  and  exudation  usually  affects  all  parts  of  the 
tissue,  but  under  certain  conditions  may  l)e  limited  to  the  vessel -wall, 
particularly  in  the  case  of  a  hiematogenous  inflammation,  in  which  the 
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injarious  agent  acts  from  the  blood.  However,  the  tissue  in  the  region 
adjoining  the  capillary  wails  must  soon  become  involved  in  association. 
The  tissue-changes  brought  about  by  the  excitants  of  inflammation  are 
sometimes  only  slight,  and  even  on  microscopical  examination  are  either 
not  recognizable  at  all  or  only  with  difficulty ;  at  other  times  they  are 
more  severe,  so  that  they  may  be  easily  recognized  even  on  macroscopic 
examination.  The  latter  is  particularly  the  case  when  some  time  has 
elapsed  after  the  action  of  the  injurious  agent.  During  the  further 
coarse  of  the  inflammatory  process  there  are  often  added  to  the  lesions 
produced  directly  by  the  causes  of  inflammation  other  tissue-changes, 
which  are  brought  about  by  the  inflammatory  disturbances  of  circulation 
and  the  collection  of  exudate  in  the  tissues. 

If  in  any  tissue  the  cause  of  inflammation  has  led  to  that  alteration 
of  the  vessels  which  is  the  requisite  antecedent  of  an  inflammatory  dis- 
turbance of  the  secretion  of  the  vessels,  i.e.,  the  formation  of  an  inflam- 
matory exudate,  and  if  as  a  result  of  this  there  is  already  evident  a 
slowing  of  the  blood-stream,  the  capillary  circulation  becomes  irregular, 
and  there  occurs  here  and  there  either  stagnation  or  a  permanent  or 
transitory  stasis.  Since  in  this  event  the  white  blood-corpuscles  often 
remain  clinging  to  the  vessel-walls  w^iile  the  red  blood-cells  are  carried 
on,  there  arises  in  the  capillaries  a  more  or  less  marked  increase  of 
white  blood-corpuscles  as  compared  to  the  red.  In  the  veins,  in  which 
there  can  be  distinguished  in  the  normal  circulation  an  axial  red  stream 
and  a  i)eripheral  phusma-zone  free  from  cells,  a  greater  or  less  number  of 
leucocytes  pass  over  into  the  peripheral  plasma-zone,  when  the  slow- 
ing of  the  circulation  has  reached  a  certain  degree.  A  still  greater  slow- 
ing of  the>  current  leads  to  the  passing  over  of  blood-plates  and  red 
blood-cells  into  the  peripheral  plasma-zone,  and  finally  the  difference 
between  the  axial-stream  and  the  peripheral  zone  maybe  entirely  lost. 

When  leucocytes  ptiss  over  into  the  peripheral  zone  they  either  roll 
along  in  the  same  or  cling  to  the  wall  of  the  vein,  either  to  roll  on  again 
after  a  time  or  to  remain  permanently  attached.  If  this  occurrence  leads 
to  a  marked  accumulation  of  leucocytes  along  the  vein-walls,  the  condi- 
tion is  known  as  the  marg^inal  disposition  of  the  white  corpuscles  (Fig. 
189,  d). 

Following  the  accumulation  of  the  leucocytes  in  the  capillaries  and 
the  marginal  disposition  in  the  veins  there  occurs  later  an  emiyrailon  of 
the  leucocytes  (Fig.  189,  <7,  e)  from  the  vessels  involved,  and  at  the  same 
time  n  pouring-out  of  fluid  from  the  vessels  into  the  tissues. 

The  emigration  of  the  white  corpuscles  is  an  active  process,  which 
is  accomplished  through  the  amoeboid  movement  of  the  cells,  and  to  a 
certain  extent  occurs  under  normal  conditions.  The  cause  of  the  marked 
emigration  seen  in  inflammations  is  doubtle-ss  a  change  in  the  vessel- 
walls,  which  favors  the  clinging  of  the  cells  to  the  walls  and  their  pas- 
sage through  the  latter.  According  to  investigations  by  Arnold,  Thoma, 
and  others,  the  leucocytes  pass  out  through  the  lines  of  cement-substance 
between  the  endothelial  cells;  and  in  the  alteration  of  the  vessel -wall  duo 
to  inflammation  loc^ilized  defects  occur  in  the  wall  as  the  result  of  the 
widening  of  these  lines.  The  emigration  is  accomplished  by  the  leuco- 
cytes first  sending  a  process  through  the  vessel -wall,  the  remainder  of 
the  cell-body  then  flowing  after  the  process,  until  finally  the  entire  cell- 
body  is  outside  of  the  vessel.  Arrived  here  the  leucocytes  first  renmin 
lying  in  the  immediate  neighborhood  of  the  point  of  diapedesis,  but 
often  wander  farther,  the  direction  of  the  wandering  being  determined 
21 
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partly  by  mechanical  stimuli^  partly  by  chemotaxis—ths,t  is,  the  repelling 
or  attracting  influences  exerted  by  chemical  substances  present  in  solu- 
tion in  the  tissue- juices.  Possibly  chemotactic  influences  sometimes 
exert  an  action  even  upon  the  leucocjrtes  in  the  capillaries  or  those  in 
the  peripheral  zone  of  the  veins.  Thei  cells  emigrating  from  the  vessels 
are  at  first  poly^iiuclear  leucocytes,  but  lymphocytes  may  very  soon  ac- 
company them.  The  polynuclear  cells  which  occasionally  alone  pass 
out,  and  in  great  numbers,  are  after  their  emigration  known  as  pus- 
cells. 

The  pouring-out  of  the  fluid  exudate,  whose  composition  always 
differs  more  or  less  from  that  of  the  normal  tissue-lymph,  and  which  is 
chanicterized  by  a  relatively  high  albumin-content,  is  a  process  which  is 


Fig.  189. —Inflamed  human  mesentery  (oemlo-acld  preparation),  a.  Normal  trabecula:  h,  normal 
epithelium  (endothelium);  r,  small  artery ;  (/,  vein  with  leuiNtcytes  arranfred  peripherally:  e,  white  blood- 
cells,  which  have  emigrated  or  are  emigrating;  /,  desquamating  endothelium ;  /i,  multlnuclear  cells;  y, 
extravasated  red  blood-cells.     X  IHO. 


also  to  be  referred  to  an  aUeraiion  of  the  vessel -icoll,  in  consequence  of 
which  the  secretory  function  of  the  latter  suffers  a  disturbance.  It  takes 
phiee  at  the  same  time  with  the  emigration  of  the  leucocytes,  but  may 
begin  before  this  event,  and  may  occur  also  in  cases  in  which  the  emigra- 
tion of  the  leucocytes  (for  example,  as  a  result  of  a  paralysis  of  the  same) 
does  not  take  phiee  at  all,  or  remains  within  very  narrow  limits.  The 
composition  of  the  exudate  is  dependent,  in  all  cases,  partly  upon  the  es- 
pecial pr6i)erty  of  the  att'ected  vessels,  which  always  varies  according  to 
the  tissue- formation  to  which  the  vessels  belong,  and  i)artly  upon  the 
degree  of  vascular  alteration ;  and  it  may  be  assumed  that  the  albumin- 
content  is  the  higher  the  gieater  the  damage  to  the  vessel-walls.  If  the 
extravasated  fluid  contains  flbrinogenic  sut)stances  and  fibrin -ferment, 
coagulation — that  is,  a  separation  of  fibrin — takes  place. 

If  the  alteration  of  the  vessels  is  of  a  very  high  degree,  or  if  at  the 
Siune  time  there  is  a  marked  stiisis,  red  blood-cells  may  also  pass  out 
of  the  vessels  (Fig.  189,  g)  along  with  the  fluid,  either  by  rhexis  or  dia- 
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pedesis.  According  to  Thoma  and  Engelmann  the  diapedesis  occnrs 
particularly  in  those  places  where  leucocytes  have  previously  passed 
through  the  vessel-wall,  and  the  escape  of  red  blood-cells  may  follow 
very  quickly  by  the  same  route.  Since  the  red  blood-cells  are  not  mo- 
tile,'their  escape  must  be  regarded  as  a  passive  process  i)erfbnned  under 
the  influence  of  the  pressure  within  the  capillaries. 

The  escape  of  blood-plates  into  the  exudate  may  take  place  both  in 
exudates  rich  in  cells  and  those  containing  but  few,  but  occurs  particu- 
larly in  exudates  characterized  by  a  rich  content  in  fibrin  and  red  blood- 
cells. 

Tissue-proliferation — that  is,  the  division  of  cells  and  nuclei — ^is  first 
recognizable  about  eight  houi-s  after  the  action  of  the  injurious  agent; 
and  in  many  cases  appears  much  later.  There  are  present,  therefore,  in 
case  the  inflammation  does  not  arise  in  a  tissue  already  in  a  state  of  pro- 
liferation, the  characteristic  appearances  of  inflammatory  exudation,  and 
with  it  also  the  tissue-degeneration,  long  before  the  proliferation  begins. 

The  clinical  significance  of  the  term  inflammation  (inflammatio,  pJdogosis)  has 
clianged  but  little  in  the  course  of  time,  since  the  cardinal  symptoms  of  inflammation 
set  forth  by  Celsus,  and  accepted  by  Galen,  are  recognized  as  such  at  the  present  day. 
Nevertheless,  the  views  regarding  the  differentiation  of  the  essential  from  the  unessential 
in  the  symptom-complex  of  inflammation  and  the  accurate  determination  of  the  true 
nature  of  the  process  have  differed  greatly.  A  comparison  of  the  expressions  concerning 
these  points  made  b}'  the  more  modern  writers  (  Virehott,  ton  Itecklinghausen,  Cohnheim, 
Ponfirk,  Samuel,  Thoma,  Neumann,  Strieker,  Ileitzmann,  Oramtz,  Leber,  Metschnikoff, 
and  others)  shows  that  no  single  writer  deflues  inflammation  in  the  same  way  as  any 
other,  or  interprets  in  exactly  the  same  way  any  one  of  the  individual  phenomena  of 
inflammation.  Ponflck  designates  as  the  cause  of  inflammation  the  disturbance  of  equi- 
librium in  the  tissues,  "  but  hesitates  to  designate  retrogressive  changes  as  an  indis- 
pensable attribute  of  the  inflammatory  process,  and  doubts  wholly  tliat  they  should  be 
regarded  as  the  point  of  departure  and  the  chief  feature  of  the  process."  I  am  of  the 
opinion  that  **a  disturbance  of  the  tissue-equilibrium"  is  nothing  more  than  a  degener- 
ative change  of  tissue,  and  regard  Ponflck's  statement,  though  directed  against  my  defi- 
nition, as  harmonizing  with  my  views.  Moreover,  I  once  again  emphasize  the  fact 
that  the  alteration  of  the  vessels  is  a  necessary  requisite  for  exudation,  and  that  this 
alteration  is  nothing  else  than  a  tissue-degeneration. 

It  was  formerly  believed  that  hypercemia  was  the  essential  symptom  of  inflamma- 
tion. Rokitansky  held  that  every  inflammation  was  characterized  by  a  dilatation  of  the 
capillaries,  slowing  of  the  blood-stream,  and  by  stasis,  which  was  caused  by  a  thicken- 
ing of  the  blood  through  the  effusion  of  serum  and  the  adhesion  of  the  red  blood-cells 
to  one  another.  IlenU,  Stilling,  and  Rokitansky  attributed  the  dilatation  of  the  vessels 
and  the  slowing  of  the  circulation  to  a  paralysis  of  the  nerves  of  the  vessels,  the  cause 
of  which,  acconling  to  IlenU  and  Rokitansky,  is  an  increased  stimulation  of  the  sensory 
nerves;  while  according  to  Stilling,  the  cause  lies  in  a  paralysis  of  the  nerves  due  to 
the  inflammatory  irritant.  Fisenmann,  Heine,  and  Brueke  sought  to  attribute  the  cir- 
culatory disturbances  to  a  primary  spasm  of  the  vessels  brought  about  by  the  irritation 
of  sensory  nerves,  which  produces  behind  the  contracted  portions  of  the  vessels  a  slow- 
ing of  the  current,  irregular  circulation,  and  finally  also  stasis.  Vogel,  Emm^frt,  Paget, 
and  others,  on  the  other  hand,  attributed  the  dilatation  of  the  vessels  and  the  stasis  to 
an  abnormal  attraction  of  the  blood  by  the  tissues.  Against  these  views  it  must  be 
maintained  that  all  the  disturbances  of  circulation  produced  by  contraction  or  dilatation 
of  the  vessels,  indeed,  introduce  or  accompany  the  inflammatory  disturbances  of  circu- 
lation, i.e.,  those  leading  to  exudation,  and  may  exert  a  modifying  influence  upon  the 
course  of  the  inflammation,  but  do  not  form  an  essential  part  of  the  process,  and  may 
be  entirely  wanting,  or  may  appear  without  the  accompaniment  of  an  inflammatory 
exudate. 

Rokitansky  sought  to  explain  the  pouring  out  of  fluid  from  the  vessels  in  inflamma- 
tion by  the  assumption  that  with  the  dilatation  of  the  vessels  the  wails  of  tlie  latter  be- 
came thinned  ancf  more  permeable.  Vogel,  C.  Emviert,  and  Paget,  on  the  other  hand, 
made  this  phenomenon  also  dependent  upon  an  increased  attraction  betw^een  the  blood 
and  the  tissue  parenchyma  or  iuices.  Virchow,  however  (1854),  believed  that  part  of  the 
exudate,  and  indeed  that  which  collected  in  the  tissue-spaces  and  is  poured  out  upon 
tbe  free  surfaces  of  the  body,  to  be  the  result  of  mechanical  pressure  in  the  vessels,  i.e., 
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pressed-out  blood-serum;  while  a  part,  which  is  chiefly  taken  up  by  the  "irritated" 
cells,  is  to  be  regarded  as  a  product  of  au  iucreased  drawlDg  of  the  blood-elenients 
through  the  tissues,  as  a  kiud  of  nutritive  educt.  Of  the  cells  collecting  in  the  in- 
flamed area,  he  believed  that  all  originate  from  a  proliferation  of  the  tissue -cells  oc- 
curring as  the  result  of  the  action  of  the  inflammatory  irritant. 

The  recognition  that  the  formation  of  the  exudate  is  to  be  referred  to  an  injury  of 
the  vessel-walls  we  owe  chiefly  to  Cohntieim,  whose  investigations  along  various  lines 
were  completed  by  tsiinnel,  Arnold,  Thmna,  Binz,  and  others.  Cohnheim  also  showed 
that  in  inflanmiation  the  colorless  corpuscles  emigrate,  and  form  an  e88ential  constituent 
of  the  inflammatory  exudate. 

Dutrocliet  (**  Rech.  anatomiques  et  physiologiques  sur  la  structure  interne  des  ani- 
maux  et  des  vegetaux  et  sur  leur  motilite,"  Paris,  1842,  p.  214)  and  Waller  {PhiloiKyph. 
Magaz.,  xxix.,  1846,  pp.  271,  398)  had  as  early  as  the  years  1842  and  1846  already  de- 
scribed the  escape  of  colorless  corpuscles  from  the  blood-vessels.  These  observations 
had,  how^ever,  fallen  completely  into  oblivion  until  Cohn?ieim,  in  1867,  rediscovered  the 
phenomenon. 

According  to  researches  of  Schklarewsky  (Pfluger's  Arch.,  Bd.  i.),  the  peripheral  dis- 
position of  the  leucocytes  in  the  veins  is  purely  a  physical  phenomenon.  If  fluids,  in 
which  are  suspended  finely  powdered  substances  of  different  specific  gravity,  are  made 
to  flow  through  tubes,  it  will  be  found  that  at  a  certain  degree  of  retardation  of  the 
current,  the  bodies  of  lighter  specific  gravity  pass  over  into  the  peripheral  zone,  and  at 
a  more  marked  retardation  the  heavier  bodies  also  enter  this  zone. 

For  the  occurrence  of  the  emigration  of  the  white  corpuscles,  it  is  necessary, 
according  to  the  researches  of  Jh'm,  Thoma,  and  Lavdowskg,  that  they  be  capable  of 
motion  and  of  adhering  to  the  vessel-wall.  According  to  these  observers,  the  emigra- 
tion of  the  w  hite  blood-cells  is  not  a  purely  passive,  but  is  in  part  at  least  an  active 
process.  If  the  amoeboid  power  of  the  white  cells  be  lessened  by  means  of  irrigation 
of  the  mesentery  with  a  1.5-pcr-cent.  solution  of  salt  (Tho^tna),  or  if  the  vital  energy 
of  these  cells  be  lowei-ed  by  means  of  quinine  or  iodoform  (Bim,  Appert,  Kerner), 
there  results  an  inhibition  of  emigration.  On  the  other  hand,  Pekelfiaring  believes 
that  quinine,  oil  of  eucalyptus,  and  salicylic  acid  cause  a  contraction  of  the  veins, 
lessen  the  permeability  of  their  walls,  and  thereby  hinder  the  passing-out  of  the  white 
cells.  This  view  is  rejected,  however,  by  JHsselh&rst,  who  observed  a  dilatation  of 
the  veins  after  irrigation  of  the  tissues  with  quinine,  carbolic  acid,  salicylic  acid,  and 
mercuric  chloride.  As  there  occurs  in  this  case  a  rtjtardation  of  the  current  after  a 
transitory  acceleration,  without  an  emigration  of  the  leucocytes  collected  in  the  periph- 
eral zone;  and  as,  on  the  other  hand,  leucocytes  from  blood-vessels  that  have  been  irri- 
gated for  an  hour  with  quinine  still  retain  complete  vitalit}'  {Eberth).  Disselhorst  is  of  the 
opinion  that  the  drugs  mentioned  so  change  the  inflamed  vessel-wall  that  an  adhesion  of 
the  leucocytes  rolling  along  the  wall  either  cannot  occur  at  all  or  only  with  difficulty. 

It  is  very  probable  that  a  lesion  of  the  vessel -wall  is  not  absolutely  necessary  for 
the  emigration  of  leucocytes  ( Thomd).  Since  vasomotor  disturbances  of  the  circulation 
can  produce  migration  (von  HecklinghauHen,  T1u)ma),  it  is  probable  that  all  of  the  con- 
ditions necessary  for  this  process  are  furnished  by  a  slowing  of  the  blood-stream  with 
peripheral  disposition  of  the  colorless  corpuscles  and  the  ability  of  the  leucocvtes  to 
perform  ama'boid  movements  and  to  adhere  to  the  vessel-walls.  It  is  possible  that 
differences  in  the  water-content  of  the  tissues  {TJioma)  also  exert  some  influence,  since 
an  increased  amount  of  water  causes  increas<»d  amoeboid  movement.  It  is  also  possible 
tliat  the  presence,  in  the  tissue-fluids,  of  substances  having  active  chemotactic  proper 
ties  may  cause  emigration  of  those  leucocytes  in  the  peripheral  zone  which  are  adherent 
to  the  vessel-wall. 

According  to  the  investigations  of  Arnold,  Tfionia,  and  Engdmann,  there  is  present 
between  the  edges  of  the  endothelial  cells  a  soft  cement-substance  which  suffers  a  change 
in  the  circulatory  disturbance  associated  with  cell-migration.  This  change  may  some- 
times, but  not  always  (Lotcit),  be  recognized,  on  histological  examination,  in  the  form 
of  numerous  circumscribed  widenings  of  these  intercellular  areas  {Engelmann).  If  leu- 
cocytes pass  through  these  places  in  great  numbers  the  cement-substance  becomes  still 
more  penneable,  and  may  then  permit  also  lymphocytes  and  red  cells  to  pass 
through  in  rapid  succession  i^Thoma). 

Wandering  cells  are  found  normally  in  many  tissues  {von  Becklinghausen),  and 
wander  from  these  partly  into  the  lymph-vessels  {Ilering,  Thomn),  and  under  certain 
contlitions  also  into  the  blood-vessels  {Bubnoff,  Schulin,  Banvier,  Senftleben),  or  onto  the 
surface  of  the  mucous  membranes,  where  tbey  penetrate  between  the  epithelial  cells. 
Tliey  are  found  (ronstantly  in  large  numbers  about  the  nodes  of  lymphadenoid  tissue 
in  the  mucous  membranes,  and  wander  from  these  through  the  epithelium  onto  the 
surface.  According  to  observations  by  Kunkel  and  JSiebel,  small  numbers  also  reach  the 
free  surface  of  the  alveoli  of  the  lungs. 
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The  intlammator}'  disturbaDcos  of  circulation  and  the  formation  of  exudates  niay 
be  moat  easily  followed  in  the  transparent  membranes  of  cold-blooded  animals,  particu 
larly  in  the  mesentery,  or  the  extended  tongue  or  the  spread-out  web  of  the  fro^.  In 
the 'frog's  mesentery,  which  has  been  spread  out  on  a  suitable  glass  plate,  circulatory 
disturbances  and  inflammation  develop  simply  through  exposure  to  the  air  and  the 
resulting  evaporation :  in  tlie  case  of  the  tongue  and  web,  it  is  necessary  to  cauterize  in 
order  to  produce  an  inflammation.  By  the  employment  of  suitable  apparatus  the  cir- 
culation of  the  blood  and  the  formation  of  the  inflammatory  exudate  may  also  be  ob- 
server! under  the  microscope  in  the  thin  membranes  of  mammals  (mesentery  of  rabbit, 
wing-membrane  of  bat),  and  observations  thus  made  harmonize  wholly  with  those  made 
upon  the  frog. 

The  modem  conception  of  inflammation  is  that  it  is  a  pathological  complex  esuentiaUp 
adaptive,  protective,  and  reparative,  called  into  action  by  a  primary  tisMue-le^'on.  For 
a  presentation  of  this  view  see  Warthin,  Chapter  on  Inflammation,  "American  Practice 
of  Surgery,"  Vol.  I. 

Literature. 

{Injiamnuxiian,) 

Brault :  £tude  sur  Tinflammation.  Paris,  1888. 

Oohnbeim:  Ueber  Entzllndung  und    Eiterung.    Virch.  Arch.,  40  Bd.,  1876;  Neue 

Untersuchungen   nber    Entzftndung,  Berlin,    1873;   Noch  einmal  die  Keratitis. 

Virch.  Arch.,  61  Bd.,  1874;  Vorles.  ftber  allg.  Pathologic,  Leipzig,  1882. 
Gomil  et  Banvier :  Man.  d'histol.  patholog.,  i.,  Paris,  1901. 
Gouncilxnan:  Inflammation.     Ref.  Handb.  of  Med.  Sciences,  2d  cd.,  1902. 
Heixiz:  Experimentelle  Pathologic,  i..  Jena,  1904. 

Hektoen :  Old  and  Mo<lern  Theories  of  Inflammation.     Phil.  Med.  Jour.,  1898. 
Henle:  Handb.  d.  ration.  Pathologie,  Braunschweig,  1844. 
Janowski:  Die  Ursachen  der  Eiterung.     Beitr.  v.  Ziegler,  xv.,  1894. 
Landerer :  Zur  Lehre  von  der  Entztindung.     Volkmann's  Samml.  kl.  Vortr. ,  No.  259, 

1886;  Die  Qewobsspannun^.  Leipzig,  1884. 
Leber :  Die  Entstehung  der  EntzQndung,  Leipzig,  1891. 
Letulle:  L' Inflammation,  Paris.  1898. 

Lubarsch:  EntzOndung.    Ergebn.  d.  allg.  Path.,  iii.,  1897;  Deut.  med.  Woch.,1898. 
Kmrnukg:  EntzQndung  bei  wirbellosen  Tieren.    C.  f.  a.  P.,  xiv.,  1908. 
Ketschnikoff:  Le^.  sur  la  pathologie  comparee  de  Tinflammation,  Paris,  1892. 
Neumann:  Ueber  den  Entztindungsbegriff.    Beitr.  v.  Ziegler,  v.,  1889. 
Ponfick:  Die  Entwickehmg  der  KntzQndungslehre  im.  19.  Jahr.     Berl.  klin.  Woch., 

1900. 
▼.  Becklinghausen :  Handb.  d.  allg.  Path.  d.  Kreislaufs  u.  d.  Emftliruug,  Stuttgart, 

1888. 
Sokitansky:  Lehrb.  d.  path.  Anatomic,  Wien,  1855. 
Boeer,  X. :  EntzQndung  und  Ileilung,  Leipzig.  1886. 
Ribbert:  Das  pathologische  Gewebswachsthum,  Leipzig,  1896. 
Samuel :    Der  EntzQndungsproccss.  1873;    EutzQnaungsherd  und   EntzQndungshof. 

Virch.  Arch.,  121  Bd. ;  tJeber  anilmische,  hypcramische  u.  neurotische  EntzQnduuj^. 

lb..  121  Bd. ;  Die  Selbstheilung  der  EntzQndungen  und  ihre  Grenzen.     lb.,  I2is 

Bd.,  1891. 
Schmaus:  Analysed.  EntzQndungsbegriffes.    Festschr.  f.  Bollinger,  Wiesb..  1903. 
Thoma:  Ueber  die  EntzQndung.     Berl.  klin.  Woch.,  1886;  Pathol.  Anat..  i.,  1894. 
Virchow:  Cellularpathologie  u.  Handb.  d.  spec.  Path.,  i.,  1854;  Die  Rolle  der  Gefftsse 

und  des  Parenchyms  Uv\  der  EntzQndung.     Virch.  Arch.,  149  Bd.,  1897. 
Weiss:  Beitrftge  zur  EntzQndungslehre,  Wien,  1893. 
Woronin:  Untersuchungen  Qber  die  EntzQndung,  Moskau,  1897. 
Ziegler:   HLstorisches  u.  Kritisehos  Ql)er  die  J^hre  von  der  EntzQndung.     Beitr.  v. 

Ziegler,  xii.,  1892:   fhitzQndung.     f^ilonburg's  Realencyklon.,  vii.,  1^95;  Inflam- 
mation, Twentieth  Century  Practice  of  Medicine,  xvi.,  New  York,  1899. 

(Origin  of  the  Exudate.) 

Appert:  Der  Einfluss  des  Chinina  auf  die  Auswanderung  der  weissen  BhitkOrperchen 

bei  der  EntzQndung.     Virch.  Arch..  71  Bd..  1877. 
Arnold:   Ueber  Diapedese.     Virch.  Arch.,  58  Bd.,  1873:   Verhalten  der  Blutgefnsse 

bei  der  Em^ration  weisser  Blntkftrper.     lb.,  62  B<1.,  1875;  Uebor  die  Kittsubstanz 

der  Endothelien.     lb..  66  Bd.,  1876;  Saftbahnrn  (ios  Bindegowebcs.     lb.,  OH  Hd., 

1876. 
Bins:  Der  Antbeil  des  Rauerstoffea  an  der  Eiterbildung.     Virch.  Arch.,  59  Bd.,  1874, 

and  78  Bd.,  1878;   Verhalten  der  Auswanderung  farbloser  Blutzellen  zum  Jcxio 


326  INFLAMMATION. 

form,     lb.,  89  Bd.,  1882;  Zur  Salicylsflure- und  Chininwirkung.     Arch.  f.  exp. 

Path.,  vii.,  1877;  Ueber  einige  Wirkungen  fttherischer  Oele.     lb.,  viii.,  1877. 
Borisow:  Cliemotakt.  Wirkung  verech.  Subst.     Beitr.  v.  Ziegler,  xvi.,  1894. 
Bxinz^l:  Einfluss  d.  vasomotor.  Nerven  auf  die  EntzQnduDg.    Arch.  f.  exp.  Path.,  37 

Bd..  1896. 
Cohnheim:  L.  c,  Untersuchungen  Hber  die  embolischen  Processe,  Berlin,  1872. 
Dekhuyzen:  Ueber  Emigration  v.  Leukocyten.    Verb.  d.  Ajiat.  Ges.,  Jena,  1891. 
Disselliorst;  Emigration  farbloser  Zellen  aus  dem  Blute.     Virch.  Arch.,  118  Bd.,  1888. 
Eng^lmann:  Verb.  d.  BlutgcfOssendothels  bei  Auswanderung  farbl.  BlutkOrp.     lk>itr. 

V.  Ziegler,  xiii.,  1893. 
Ooecke:  Exper.  Entztindung  der  Homhaiit.     Beitr.  v.  Ziegler,  xx.,  1896. 
Hauser:    Entsteh.  d.  tibrinOsen  Exsudates  bei  d.  croupOsen  Pneumonie.    Beitr.  v. 

Ziegler,  xv.,  1894. 
Heidenhain:   Ueber  Lymphbikhmg.     Verb.  d.  X.  intemat.  med.  Congr.,  ii.,  Berlin, 

1891 ;  Ilistologie  u.  Physiologie  d.  DOnndarmschleimhaut.     Arch.  f.  d.  ges.  Phys., 

48  Bd.,  Suppl.-IIeft.  1888;  Versuche  u.  Fragen  zur  Lehre  v.  d.  Lymphbilduug.    lb. 

49  Bd..  1891. 

Heinz-  Entzttndung  serOser  Haute.    V.  A.,  167  Bd.,  1902. 

Hoffinann,  F.  A.:  Eiweissgehalt  der  AscitesflQssigkeiten.     Yirch.    Arch.,  78  Bd.. 

1879. 
Klemensiewicz :  Fundamentiilversuche   l\ber  Transsudation,  Qraz,    1888;    Entztln- 

dung  u.  Eiterung.     Festschr.  f.  Rollet,  Jena,  1898 ;  Bau  u.  Funktion  d.  Wander- 

zellcn.     B.  v.  Z.,  xxxii..  1902 
Kronacher:    Die  Aetiologie  u.  d.  Weseu  der  acuten  eiterigen  EntzUndung,  Jena, 

1891. 
Lassar:  Ueber  Oedem  u.  Lvmphstrom  bei  der  Entzftndung.     Virch.   Arch.,  69  Bd., 

1877. 
Lavdowski  :  Auswander\mg  farbloser  Blutelemente.     Vircb.  Arch.,  96  Bd. ;  Die  Aus- 

waiuh^rung  d.  Leukocyten  u.  die  Frage  nach  dem  Schicksale  derselben.  lb. ,  97  Bd. , 

1884. 
L(5wit.    Bezieh.    d.    Blutgefflssendothels  zur  Emigration.      Beitr.   v.  Ziegler,    xvi., 

1894. 
Middeldorpf  u.  Goldxnann:   Exp.  Untersuchungen  tlb.  Croup  u.  Diphtherie,  Jena, 

1891. 
Pekelharing :    Diapedese  d.  farblosen  BlutkOrp.  bei  d.  EntzQndung.     Virch,  Arch., 

104  Bd..  1886. 
Banvier:  Traite  techn.  d'liistologie,  Paris,  1875-88;  Beitmg  z.  Lehre  v.  d.  Entzttndung 

u.  (Icn  dabei  auftretenden  corpuscularen  Elemeiiten.     Virch.  Arch..  72  Bd.,  1878. 
V.  Becklinghausen:    Das   Lyniphgefasssystem.     Strieker's  Handb.  d.  Gewebelehre; 

Ueber  Kiter  und  EiterkOrpercbeu.     Vircb.  Arcb..  28  Bd.,  1863. 
Bibbert:  Zur  Anatomie  der  Lungenentzl\ndung.     Fortsobr.  d.  Med.,  xii.,  1894. 
Schklarewski :  Zur  Extravasjition  der  weisseu  Bluthorperclien.     Pflttger's  Arch.,  i., 

Siebel :  Ueb.  d.  Schicksal  v.  FremdkSrpern  in  d.  Blutbabn.     Virch.  Arch..  104  Bd., 

1^86. 
Stohr:   Ueber  Mandeln  u.  Balgdrusen.     Vircb.  Arch.,  97  Bd, 1884. 
Thoma :  Entzrnidl.  tStOrungen  d.  Capillarkreislaufs  bei  WurmbllUern.     Virch.  Arch., 

74  lid..  1878:  Die  Ueberwauderung  farbloser  Blutk(kper  v.  d.  Blut- in  d.   Lymph- 

geiasssvstein,  Heidelberg.  1873;  Enlzlimll.   StOr.  d.  Kapillarkreislaufs  liei  Warm- 

bUUeriK     V.  A..  74  Bd.,  1878. 

See  also  §§  90-93. 

g  1)0.  The  cf^JluIar  and  fiuid  exudates  secreted  by  the  vessels  collect  first 
ill  the  immediate  neighborhood  of  the  vessels  (Fig.  189),  but  soon  spread 
out  ill  the  vieinitv,  mass  themselves  iu  the  hjmph-itpacea  of  the  tissue,  and 
thus  form  a  tissiie-infiltrate  (Figs.  190,  e;\9\\,  h;  194,  jp).  When  the 
exudate  is  very  abundant  it  may  spread  into  and  infiltrate  the  neighbor- 
ing sound  tissue  that  has  not  been  injured  by  the  inflammatory  irritant. 
This  infiltration  may  be  so  marked  that  new  disturbances  of  circulation 
and  nutrition  may  be  ])rodueed,  and  the  area  of  tissue -degeneration  and 
inflammatory!  exudation  heeomes  inrreased  in  extent. 

The  exudate  present  in  a  tissue  maj/  l)e  in  part  absorbed  by  the  tissue- 
elnnent.H,  so  that  they  become  swollen,  separated  from  their  surrounding's 
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ti^iie — i.e.,  the  t^ititlitOiuin  of  tin*  kidney  tubules,  the  liver-cells  ( t'^i^. 
I9t\,   h,  e),  or  tlie  coiitnietile  snhstanre  of  theiiiuseles — is  the  most  prom 
lueiit  feature  of  the  process,  the  eouditiou  is  called  u  parenchymatous 
inflammation. 

When  the  seat  of  au  ijiflauiimdi^m  is  on  the  surfnee  of  an  organ,  it  i.s 
termed  a  superficial  inflammation  (  Fi^,  194),  If  the  4xu«lat(*  j^ains 
free  access  to  llir  surface  ami  Ihiws  froiu  the  same  mixed  with  dcsipia 
nial<M|  portious  of  the  tissue  (Fi^*  1**^»  fK  *\J\fi^  (h  h),  the  inllannuaJii*n 
is  cMJU^rl  It  ealarrh.  If  the  pfinrinjjc  ^>ut  of  a  tluid  exudate  (>n  the  surface 
of  the  skin  or  niuconsnieuduiiiH'  is  hiuilrred  hy  a  coherent  horny  t*pithe* 
Hal  hiyer  (Fig,  1*>2,  «),  and  if  InMicalh  tliis  covering  there  are  formed  cir- 
cum.scribed  eollcetioiis  of  tluid,  in  wliicli  ttie  deeper  and  .softer  layers  of 
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Fjg»  IW— Muwus  eat  nrliiis  (MOlIer's  flukl,  BnniiiK-brfjwn)*    a.  rillatiMi  *pithelium:  fif 

.  *Mi  invf-r^    h   ^ohi,  ,    ,  I  tils  fihnv»iiijr  mark+'d  ntiK^oiM  df^ffprnTiitlon  ;  ri,  mu*-**!*!  wlIswlUi 

r  ihnnnlv  (n.iH"UM  ami  pHSHr'oriMJ»4'h'H;  j/,  iJur-i  of  munaiji  jjrliind  rll  1+^4  ultti  imnnj:*  and 

/.  *  onnHi'Uv*^  U<Hin.'  i»f  Vw  umr'^a^  liiHUmt*-*!  uith  rnllH  in  (uirt;   m,  {lUuied  bkMXl- 
L'liind  HtlHil  vvirh  iiuH'iij^;  i^,,  l<iiiulo  of  mimius  vinwl  wUh*njt  mucui*;  o.  watiderltit? 
,  /^  ri^Llul  lis  11  tilth  initloii  of  tile  coDiiet'tiviMI-vsii*- nf  tilt*  Qiui-oua  Klunds.     ;•-  IIO. 


the  epithelium  dissolve  (Fig.  192,  d, /,  <7,  h),  the  lesions  thiLs  produet*d 
are  calh'd  vesictes  and  blisters.  \\lu^n  the  exudate  fr<un  s(*rc»u.s  surfaces 
ooUtM'ts  in  th«^  IjihIv  cavith's,  there  are  ftirmcdiu  the  lattrr  inflammatory 
effusions,  which  not  rarely  reach  a  very  laige  size,  distend  tlie  aJTeeted 
04ivJty,  ami  comju^^ss  the  tu'gans  contained  witliin  it. 

It  is  eustomary  to  express  the  o(*currcu{*e  of  au  iutlainmatiou  of  an 
organ  by  adding  the  tenuinatiou  ''itiH^^  to  the  GitH*k  name  of  the  orgjiu. 
Thus,  for  example,  are  fonm^d  the  terms  endoeanlitis,  myocarditis,  peri- 
€5artUtis»  pleuritis,  peritonitis,  encephalitis,  phaiyngitis,  keratitis,  orchi- 
tis, oophoritis,  colpitis,  met  litis,  hepatitis,  m*phritis,  amyjidalitis,  glos- 
mtjs,  and  gastritis.  The  eurliug  **itis''  is  also  sometimes  a iTixcd  to  the 
Latin  uame^s,  sis,  for  example,  eonjunetivitis,  tonsillitis,  and  vaginitis. 
To  denote  au  iuflanuuatiou  of  tho  serous  covering  i)f  au  organ  or  of  the 
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tissues  immediately  about  it  the  prefixes  "peri"  and  "para"  are  placied 
before  the  Greek  names  with  the  termination  "  itis. "  Thus,  for  example, 
are  formed  the  woi'ds  perimetritis,  parametritis,  periproctitis,  perityph- 
litis, paranephritis,  and  perihepatitis. 

For  certain  forms  of  inflammation  especial  names  are  used,  as,  for 
example,  inflammation  of  the  lungs  is  called  pneumonia,  and  inflamma- 
tion of  the  palate  and  tonsils,  angina. 

Since  Cohnheini  taught  that  the  migration  of  leucocytes  eji  masse  is  an  important 
feature  of  inflammation  and  serves  as  a  source  for  the  cells  in  the  exudate*  the  ques- 
tion of  the  origin  of  the  cells  present  in  the  exudate  of  acute  inflammations  has  been 
many  times  the  subject  of  discussion.  While  some  have  regarded  all  the  cells  in  the 
exudate  as  extra vasated  leucocytes,  oMiers  have  held  that  the  leucocytes  arising  from 
the  blood-stream  form  only  an  unessential  element,  and  that  the  main  part  of  the  cells 
in  the  exudate  have  arisen  on  the  spot  from  the  tissue  "irritated"  by  the  cause  of  the 
inflammation. 

Strieker  held  the  opinion  that  the  swelling  and  hardening  of  tlie  tissues  in  inflamma- 
tion are  not  caused  by  tlie  collection  of  exudate,  but  by  the  swelling  of  the  cell-reticulum 
which  was  thought  to  traverse  the  tissues;  and  that  these  changes  represent  a  phenome- 
non of  growth  of  the  cells  and  their  pn)cesses  which  is  characterized  by  swelling.  The 
cellular  exr.date — that  is,  pus — he  accounts  for  partly  through  the  segmentation  and 
division  of  the  cell-reticulum  swollen  by  the  inflammation,  and  partly  tnrougli  a  trans- 
formation of  connective-tissue  fibrillac  into  pus-corpuscles.  HHtzinnnn  regarded  the 
inllanTniatory  tissue-changes  as  a  reversion  of  the  tissue  to  tlie  embryonal  condition,  and 
believed  that  the  living  material  is  not  contained  in  the  cells  alone,  but  infiltrates  the 
entire  ground -substance,  and  increases,  in  the  progress  of  an  inflammation,  with  the 
liquefaction  of  the  ground-substance.  Connective -tissue  cartilage  and  bone  become 
resolved  during  inflammation  into  those  elements  from  which  they  are  formed — i.e.. 
into  cells — which  then  immediately  reproduce  their  kind.  Oiyiiritz  believes  that  both 
the  cellular  infiltrate  and  pus  are  formed  without  any  participation  of  the  leucocytes 
worth  mentioning.  Everywhere  in  the  tissue,  according  to  his  view,  there  lie  concealed 
in  great  numbers  cells,  vfhich  he  <lesignates  slumber-cells,  and  which  are  not  affected 
by  our  nuclear  stains  and  therefore  not  recognizable  (according  to  him,  only  from  five 
to  ten  per  cent,  of  the  tissue-cells  are  known  to  us);  these  cells  awake  in  inflamination. 
and  again  roineinto  sight — that  is,  incrfase  in  size,  stiiin  with  nuclear  stains,  and  there- 
fore again  become  recognizable. 

According  to  the  results  of  an  unprejudiced  and  careful  examination  of  inflamed 
tissues,  there  can  be  no  doubt  that  the  description  of  the  origin  of  the  inflammatory  in- 
tiltmte  given  by  Strirlrr,  llcitzntintn,  (tnnntz,  and  their  pupils,  does  not  correspond  to 
tiie  conditions  as  they  actually  exist.  The  cells  which  lie  in  recently  inflamed  tissue 
consist  in  part  of  leucocytes  which  have  wandered  from  the  vessels  and  in  part  of 
tissue-cells  which  are  more  or  less  dcgenenited,  and  are  often  separated  from  the  under- 
lying tissues.  I>ater,  to  these  there  are  added  newly  formed  cells  which  have  arisen 
through  the  division  of  preexisting  tissuc-itclls. 
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j{  fll.  Bntli  tlie  heal  fi\%^itr- 
drgvneruihu  and  the  exndathn 
iniiy  ^^/lJ7/  grrutbf  in  diffeient 
rasi^s,  and  thi'ie  iniiy  1>e  disliii- 
miisiird  aet'Mrdinf^lv  dillVreid 
forms  of  inflammation. 

If  tlHM^xudattM'oiisists  I'sseii' 
tially  <d'  Huid,  whilr  Ibe  ch-HU' 
lar  ooHstitiu^iils  am  iiisiunififaiit, 
it  is  calb'd  a  seroy5  exudate. 
W  lu'ti  ruidaiiR'd  williiii  a  lissiu* 
^for  example,  within  tlie  skin 
and  suhcntaiuHJiis  tissue,  or  in 
the  Inn^s— there  results  an  in- 
flammatory cedema*  The  es- 
eu|K*  ot  tln^  tin  id  un  tbe  fret* 
siirfaee  of  a  uuieous  or  htous 
rii4^udn*;nie  ♦xives  the  |Jieture  of 
a  serous  catarrh  ;  eireuiust-riUeil 
eolkn'tions  nf  tluid  beneath  the 
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homy  layer  of  the  epidermis  with  the  liquefaction  of  the  soft  layers  of 
epithelium  lead  to  the  formation  of  vesicles  and  blisters  with  clear  con- 
tents (Fig.  192,  d,f). 

When  the  exudation  of  fluid  on  the  surface  of  a  mucous  membrane  is 
associated  with  a  marked  mucoid  degeneration  of  the  superficial  epithe- 
lium (Fig.  194,  by  c,  c,),  and  of  the  mucous  glands  (n),  there  arises  a 


Fig.  196— Catarrhal  secretion  of  different  mucous  membranes.  A^  Secretion  from  macous  membranes 
with  columnar  cells;  B,  from  the  mouth ;  C,  from  the  bladder.  1,  Round  cells  (pusHiells):  2,  large  round 
cells  with  bright  nuclei,  from  the  none;  H,  mucoid  columnar  cells  from  the  nose:  4,  spirillum  from  the  nose ; 
5,  mucoid  cells  with  cilia,  from  the  nose ;  6,  goblet-cells  from  the  trachea;  7,  round-cells  with  spherules  of 
mucus  from  the  nose:  8,  epithelial  cells  containing  pus-corpuscles,  from  the  nose;  9,  fatty  cells  from  a 
chronic  catarrh  of  the  pharynx  and  larynx :  lU,  cells  containing  carbon  pigment,  from  tlte  sputum :  11  and 
12, squamqps  epithelium  from  the  mouth:  1*^  mucoid  pus-corpuscles;  14,  micrococci;  15,  bacteria:  Id, 
leptothrix  buccalin:  \7,fspin>chwU  denticola;  18,  superficial,  18,  middle  layer  of  bladder  epithelium; 
20,  pus-corpuscles:  21,  nchiznmycete^.    X  400. 


mucous  catarrh  {d,  /,  /,,  g).  Tf  a  marked  desquamation  of  the  epithe- 
lium, with  or  without  a  mucoid  change,  occurs  (Fig.  195,  a),  the  condi- 
tion is  termed  a  desquamative  catarrh  ;  and  such  a  process  may  occur 
not  only  on  mucous  membranes,  but  also  in  the  respiratory  parenchyma 
of  tbeiungs,  on  serous  surfaces  (Fig.  189,/,/,),  in  the  kidney -tubules, 
etc.  If  many  pus-cori)uscles  are  i)resent  in  the  exudate  it  may  be  spoken 
of  as  a  desquamative  purulent  (Fig.  195,  a),  or  finally  as  a  pure  puru- 
lent catarrh,  in  which  condition  the  exudate  Ijecomes  white  or  yellow- 
ish-white, milky  or  creamy. 

The  form  and  chamcter  of  the  cells  of  a  (catarrhal  secretion  vary  with 
the  location  and  the  varietv  of  catarrh  (Fig.  196).  Bacteria  are  often 
present  in  the  cc^lls  of  the  exudate  (Fig.  196,  4»  U,  15,  16,  17,  21). 

If  ill  a  fluid  exudate  there  occurs  a  d(»])Osition  of  fibrin  or  coagula- 
tion, there  are  formed  fibrinous  and  serofibrinous  exudates,  which  are 
often  designated  as  croupous.  These  occur  chiefly  upon  the  surface  of 
serous  and  mucous  membranes,  and  in  the  lungs ;  but  masses  of  fibrin 
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may  V>e  formed  in  tissues  infiltrated  with  exudate,  as  well  as  in  lymph- 
vessels. 

Oil   the   iJuicoiLs    ineinbraues  the   fitirinous   exudates  form  whitish 
patches  and  eiihereut  luenibranes,  which  sometimes  lie  upon  them  oidy 

1  oose  J  ^\' ,  I  ni  t  at  o t  h  e  r  tin h*s  u  re  ti  r  n 1 1  y 
_  j^^  jittuelied  to  the    niiderlyinj^   surfaee. 

In  the  seronn  eavilies  the  hliiinons 
eoa^ula  ttdut  in  the  fonn  of  ilaki*s  in 
the  tin  id  pinlion  of  tlie  exudate,  or 
Unm  a  lirndy  attached  deposit  upon 
the  snrfaee  of  the  memliranes,  Hueh 
depcxsits  eonsist  at  times  only  of  thin^ 
attached  tihus  or  ^ronules  which 
give  to  the  wipedolf  snrfuce  a 
cltjudy,  lustr€*les8,  roujt^h,  4n*  ^nanvi- 
iar  ai>pearance;  at  otlier  times  of 
hirger  yelh>wish  or  yeUowish-red^ 
tirni  memliranes,  which  often  give 
to  tlie  surface  a  felted  or  vilhuis 
ai>peaninee  (cor  villosum).  Itt  the 
hmi^,  croupous  intianiiJiatii»n  leads 
to  a  tilling  of  the  alveoli  with  a 
eoa|^uliitc<l  mass,  iu  conse(pn*nce  of 
wliicli  the  hing  acquires  a  lirm  con- 
sistence, 

(hi  7iUic(nf^*?  Hifrfm'eH  the  fHrnuition 
fif  cron|)ons  mcml>ranes  tiikes  place 
when  the  epithelium  is  aifvady  des- 
ilUiimated  aiul  the  connective  tissue, 
at  least  in  inirt,  is  exposed;  but  tis- 
snes  covei*ed  witli  eidthelium  may 
also  l>ecome  the  seat  of  til>rinons  de- 
pcisits  extending  from  deiin^led  areas. 
The  desqnamatiou  of  the  e|>ith*^lium, 
iu  such  a  case,  may  follow  gnnlnally,  or  at  other  tiunvs  un>re  rapidly 
through  the  lifting  up  of  whole  layers  of  epithelium  (Fig 
which  ai-e  either  well 
preserved  or  already 
degenerated  or  necro- 
tic, and  inhltrated  with 
exudate  (Fig.  199.  a), 
Ttie  exudation  J  of 
fibrin  may  tn^giu  un- 
derneath the  raised- 
up  epithelium  with  t!ie 
f  o r  ma t i  o u  ttf  fine 
needle-like  forms  re- 
5?emhling  (Tystals  ( Fig. 
197,  d),  wtiich  are  ar- 
ranged radially  about 
a  centre,  in  wiuch  at 
timt*ft  there  lies  a  snndl 

bo<ly,  proliiibl,v  a  prod  net  of  the  *lisintegratton  of  a  red  corpuscle,  or  a 
blood-plate.     Very  soon  tliere  form  thicker  or  thinner  threads  ( Figs. 


Ft*;,  107— Arut4*  liUMDorrhiiffJr  nhrinous  in- 
rtammatlon  of  Uw  trat-h+'a,  cHUMecl  by  viifH->r  at 
mumotiUi  i.MilUer'H  fliild.  htEMuati'xylJii,  eiwifn:*. 
tt.  Sijperllfia]  layt*r  of  lli*>  f'nninM'llv<^  ilsHiif  *>( 
tli»»  muctJMa,  witn  KTreaUy  iiklat«^l  likNKl-veti»*'ls 
unci  <*iimvati8t4LHl  r^l  I»VkmJ-<  H||j>i;  h,  <l<^fi  l«yer 
of  •?plth*-ll*iiit  rnls*xj  up  4m  tnh*:  r.  dt^wjmiiinuH'fJ 
•ipJth'  f,  hj»*iii4»]Thatfk'  ilbrlnrju!*  vxn- 

fMit'  I  Iff,  rrystAl-llkt'  in}iHsi>  irf  ElliiiTi, 


lf^7.  b). 


mmjj^ 


i-d 


d. 


Y\(i.    IWti^— rrrfupouji  membrane   from    thP    triirh*>ii. 


with  fHi»-c'<vrnusji<.-y  <W) 


a,    S*»rtton 


tUirtii  thn'julH  tiiid  tnnniih^;  d,  piisKwr- 
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198,  r:  \\IH,  h,  r)  wltifli  enclose  ii  lur^^er  or  siuallrr  inunl>er  of  leiieocytes 
iiiul  red  hlnrKl-eells.  Tiie  arrangeiJii^ijI  (>r  the  tlireacls  is  iisiiiilly  iWic*ii- 
l:ir,  but  llie  tluekiu^ss  of  llie  network  and  the  size  of  tlie  uieshes  Mirv 
greatly.  When  tlieie  is  inie(iiiul  dt^vrhnnneut  4tf  the  tibriii  llireads  and 
sti*ands»  the  priueipal  strands  soiiietime^s  lie  parallel  witli  the  surfaee 
of  the  iniieuos  iiieiiihniiie  f  Fi^jf.  VJS,  r),    i^anetiioes  perpeudieiihir  to  it 


■■:  •v..V'\'-;-;^i''/^---:C 


^=>"'r-.". 


Fio,  lyy.— Si^tian  fnun  an  liitlumfHl  uvula  I'^nvfivd  with  a  KtRitiQinJ  fl^rliious  nsemliniDe.  fnitii  a  i'bhhs 
of  dlphtljerlik'  itkhip  nf  thi-  ohtiryntf-t^al  MivnnH  iMiilhr's  ttiild.  hiiMiiHtfjxylliufHtMiri).  fi.  Siiurrat*  Imvit  *»r 
rtMiguliiJiu  (inisisittiiif  of  t'lilOjclfnl  pJalt^  iind  llhrm  iiihI  rontulnlnff  niiiru'n>us  c-^jlfmlf^of  owrj ;  h,  ^»<'onU 
laveruf  rtPHffulumtt'iiiiJibiffjirof  fliu-^mt'shiHl  rlbriri  m-Lwurk  rfirlnstri^  lfU«N«'yl*^;  r»thlni  IttVfrttf  ivKHKulum. 
Mng  ii[¥m  Uw  (otinci'ilvi*  tKHU*^  and  i-niiMlHtini;  nfn  \vide-m(^h*Hl  rctlrttluiu  of  ntirJn  t^nclnHltijj  leMr<K'Ut^  ; 
r/,  nmiitN^dVf  Utwut^  liiflltmtfil  wlih  rHIjj ;  f.  fnflltnitiHl  twuiTulHry  laytrof  Ltn'  c<ajiiiH'tU**  lii>*ti('  nnhfuiiu-oiis 
mcMiihrauf ;  /,  lit-nps  of  nnt  blotKi-rpijj*;  ^f,  wldHy  dlliitfd  Moipd-vrasH^:  h.  (llliil*^  ]ynt|*b-v«T*M»ls  ItOtHl  with 
lliikL  ia>rlfi.  nut]  letM^JMVM-fl ;  f»  Uiut  nf  a  rniit'oua  (irhiinl  iliwif  iidKl  wltti  5*enT>t1on ;  A,  iniDsyifrw  «eclk»n  i»r  a 
Ktiinil;  f,  Mhiiii  n^tiriilum  lu  IheMiiM^rlliial  iHsiTDf  LxmntK-iivts  llsstw,     >  46, 

(Fi^.  199,  e).  Thiek  filiiiiioiis  lanohi'anes  freijiieiitly  show  a  ilistiuct 
stratifieaticai  {  Fi<^.  199,  a,  b,  *•),  indiealio;;  Ihat  their  foriaat ion  has  ue- 
4'urj'eti  ill  suece.s.si\  I*  l>at<*hes  jnished  up  from  heluw. 

When  a  nineons  nierahrane  In^t^onies  Mie  sr^at  of  a  (le]Misition  of  fibrin^ 
the  nnderlyin|j(  ennnective  tissn<*  is  always  nion*  or  less  hypeiieinir  (  Fi^. 
199,1/),  utHh-tinitoiis  ami  swollen,  iatilt rated  with  leueoeytes  (Figs.  199, 
d,  ^i  200,  <-"),  afid  usually  etuilains  here  and  there  also  thready  fibrin 
pi-eeipitate.s  (Figfs,    199,/;  290,  y'j.     Y^ry  often  the  tendency  to  the 
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preeipitatioii, of  fibrin  is  manifested  also  within  the  blood-vessels  (Fipr. 
200 )i  iiiiLsiniieLi  as  these  contain  at  times  tangled  threiids  and  t\k\s  of 
fibrin  (Fig*  2(M>,  h),  at  other  times  tibrin- needles  grouped  in  stellate 
fi>rms  or  in  ehisters  (a,  c^  d),  which  often  proee^^d  from  degenerated 
endothelial  eel  Is  or  leuco- 
cytes, or  from  bluuil- plates, 
o  r  rad  i a t e  f  rum  i  j  or t  i  o  i  j  s  t  »f 
the  vess<4'Wail  when^  the 
endothelium  is  lost.  Like- 
w  ise,  fi  b  r i  n  - 1  h  reads  m  ay 
be  als<j  found  in  the  dilated 
lymph  vesstds,  in  {LsstK*ia- 
tion  with  llidd  and  cellular 
exudate  (Fig.  199,  h). 

On  tlie  serous  vu'mhraveti 
the  deposits  of  fibrin  a]i 
pear  |iartly  in  granular 
(Pig.  202 p  (})  and  ttiremly 
(Fig.  201,  d,  e),  or  in  thick, 
homogeneous  mavS,si»s  {  Fig. 
202,  p),  or  even  in  the  form 
of  ri bljoud ike  ban ds.  Here 
also  the  epitla^lium  is  exto 
Mated  at  the  point  of  depo 
sition  (  Figs.  201,  tJ,  e;  202, 
r),  but  may  l»e  prest^rved 
in  patches  ami  covered  over 
with  fibrin  (Fig.  201,  c). 
The  connective  tissue  of 
serous  niemhnines  in  croup- 
ous infiannmitioji  is  some^ 
times  uiore,  s<unetimes  less 
infiltrated,  and  may  con- 
tain leue< Kbytes  and  filn-in, 
both  in  the  congested  ves- 
sels thenis(_-lves  (Fig.  200, 
g}  and  in  the  connective- 
tissue  spaces  (Figs.  'J 00,  e, 
f:  2t)3,  €).  More  marketl 
exudations  of  fibrin  upon 
the  surface  of  serous  mem- 
branes may  pntduce  thick, 
felted  deposits,  the  formed 
elements  id*  which  consist 
of  thready  fibrin  and  pus 
corpuscles  (Fig.  203,  f/,  r), 
as  well  as  miero-organisms 
(ft  ) »  A  n  ab  u  n  dan  ce  of  p  u  s  - 
corpuscles  gives  to  the 
exudate  a  fihrimtpurulmf 
character,  the  yellowish  de- 
posits becoming  more  whit- 
ish in  color. 
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Fm.  atJL— Flbrlnnpunili-nl  illplocciofiiR  pteuritte  In  k  tbive-rear- 
iar#i**.'«^.ii.  ^»w^^#^o  ;«  4%.^   old  ctolld   tformaUn,  niirni-HUiiiii.    a.  Intliiiiied  pleura;  2>,  olplo- 

IWnimm  exudates  m  the  oooci;  c obrtn;  n, e, ubrkiopuruJeiit  exudiiie.   Saoo. 
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lufifii  are  charac*terize<i  by  the  foriiuitinn  of  a  mure  or  less  close  network 
of  tihriu-tlirfads  (Fi^.  :*04,  b},  ia  whnse  nn^slies  and  in  tht*  iianaHliate 
neigiilnuiioodof  wliii-h  lie  leucocytes  and  nsnally  also  red  blomi-celLs  (^j, 
mingled  with  desqnaanilt^U  epitheliiiaL  In  the  tirst  stages  thej-e  are  also 
fouud  oeeasioaally  gh»lmlar,  wreath -shaped  jirccipitates  of  iibriu  joined 
togetlier  in  rows.  Fibrin*th reads  may  develop  also  in  and  upon  dead 
epilheliom  (Hanst*r). 

In  the  kkhirtjH  deposits  of  librin  may  occur  in  the  Uwm  of  line  threads 
or  hyaline  masses  in  the  urinary  tubules  ami  ^himeiular  capsules.  In 
the  fi/mph'fflatids  fibrin -tkitiads  are  formed  partiLuUarly^  in  the  lympli- 
channels. 

Hccmorrha^ic  exudate — that  is,  an  exmlute  containing  large  nam- 
l>ei"S  of  red  eells— occurs  especially  in  connection  with  ihe  exudation  of 
fibrin.  The  cxndate  of  cintupons  pneumonia  constantly  contains  a  larger 
or  smaller  number  uf  i*ed  blood -cells  (Fig*  204*  c),  and  likewise  in  tibriu- 
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MW'^- 


flO.  SOI.— Ooupoiie  pneumofila. 

irtited  tkiVi^A&r  septa 


H^  t)«MttzaUon  of  (tie  lanir  (stcotml.  cantiltie,  abi1fi-«talci). 
fj,  nbrtiiaus  exudate ;  r,  rtnl  blouMj-tHiMit.     'X.  AMX 


a,  loill- 


oiifi  pericanlitis  and  plenritia  gn^t  numbei'8  of  i-ed  bloodeells  not  itif  re- 
qoeiitly  es<'ape  from  the  ves,sfOs.  njeniorrhagip  inflammations  (H'cur  not 
infrequently  in  Ihe  central  nervous  syst^mi,  in  lymph-glauds,  iu  the  skin 
and  kidne>  s»  Iu  the  last  case  the  blood  escapes  from  the  glomerular 
veaiiels. 

The  serous,  fibrinous,  and  serofibrinous  iuflanimations  are  caused  by 
thermal  and  chemical  infiuences,  as  Wf41  as  by  bacteria;  but  ai-e  most 
fr«»qaeutly  the  result  of  infectiou,  particularly  of  iufir^-tiou  with  the  Ih'p' 
loeoecus  pn^^^Hmoiikr  (Fig.  204,  h)  and  the  Bttriffus  iJiphi/irria^  The  former 
causes  particularly  eroupons  infiauimations  of  the  lungs  aud  pleura,  the 
latter  j^ive«  rise  to  tibrinous  intlamuiations  of  the  thnrat*  palate,  aud 
respiratory  passages. 
2-2^ 
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Neumann  holds  the  opinion  that  in  recent  fibrinous  inflammations  of  the  serous 
membranes  tlie  hyaline  bands  and  lumps  on  the  surface  of  the  membrane  are  not  exu- 
dative fibrin,  but  represent  layers  of  connective  tissue  that  have  undergone  a  fibrinoid 
defeneration.  I  cannot  subscribe  to  this  view,  but  agree  rather  with  the  majority  of 
writers  who  have  expressed  opinions  upon  this  subject  that  the  deposits  are  exuda- 
tive fibrin.  The  illustrations  which  Neumann  has  presented  in  his  work  are  in  no  man- 
ner confirmatory  of  his  view,  but  enable  us  rather  to  aflirm  that  Neumann  had  before 
him  in  his  preparations  exudative  fibrin. 
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exudate  on  the  surfaee  of  a  mueotis  membrane  or  external  wound,  so 

that  theexodsite  is  while  or  yellowish-wljite  iti  eolor  and  of  a  milky  or 
enniniy  euusisleiicr,  it  is  e:ilted  pus*  and  sncb  an  iytlaniinatiim  is  desig- 
nated a  purulent  catarrh  (Fij^,  205,  a),     A  pei-sislent  marked  seeivlion 
18  leniuni  a  hfrttftttrrhtnt,     t'olleeliyus  of  pus  in  I  he  ijodyeavilit's — fur 
exani]>h\  I  he  perieartiia!,  pleural,  or  joint  eavilies — glvt*  risc^  to  pumfenti 
elfmiotifi  or  empyemata.     If  wiHiin  a  hlister  arising  throu«::li  the  Hque-j 
fa(*(i<jn  of  the  efnlhelial  hiyei'S  beneath  the  horny  layer  of  tlie  epidermis 
there  takes  place  a  marked  eollretion   of  h*uet»eytes,  the  tlnid  l>eeonies^ 
more  and  umre  turbid,  white,  purnlenf,  audthe  vesirle  iH'eomes ehanged 
into  a  pustule  (Fig.  206,  /,). 

When  leucocytes  collect  in  such  large  numbers  within  a  tissue  as  to 


^^'„^J?-.^^'^,7;^!^V-f^ 


K8P^^- 


Fio.  21if7.— Embolic  abaoefts  of  thf'  Int4%t{iial  "wM  wftli  embolic  pitnileiil;  nrterlttK,  ftixl  emboUti  aii4>urt8m 
tn  t'ro**-!W!»<'tioii  (alwboL  fin  IisIok  m,  U.  t\  if,  c .  LiiyeriM  c>f  Jiut^sUnml  wttll :  f,  iTajafD.<i  of  firu>dal  w»ll.  <  rti«8- 
Hocilan;  jSf,  t-inlMibi}*,  }<omnitnJefl  hy  piiM-in(rpiiJH<ifs  lyjnj?  within  (betlllnU'^d  and  pHrtly  supnunitiatr  art«Tv  *, 
K  pftrlf^Lal  ihn>mbu!<i ;  i,  peiiartLTluJ  puruleul  inHlltTBLUrn  uf  the.  dtjbmiiccMiEi ;  A,  vt^lo  ^bawliijj'  nmrked  ron-' 
icestlnu.    X  38, 


give  it  a  white,  gray  white,  or  yellowish -white  eolor  the  proeevSS  assumes 
the  ehameter  of  a  purulent  infiltration »  8honld  this  be  folio w<^l  by 
liipirJaetiou  and  dissulution  of  tlie  tissue  Uh^  process  results  finally  in 
tissue-suppuration  aitd  abscess-formation  {  Fig.  207,  0 — that  is,  in  the 
formation  of  a  cavity  tilled  with  ]nis. 

When  jnirulent  infiltration  and  tissnesuppuratioii  occur  on  the  sur- 
face i>f  an  organ — for  example,  on  ;i  mucous  membrane  (Fig.  20S,  *t,  f\ 
ff) — the  process  leads  to  a  snperfieiai  loss  of  sidistanec— an  ulcer. 
The  formation,  through  suppuratiou»  of  duet-like  cavities  gives  rise  to  fis- 
tulous tracts. 

The  liquefaction  of  the  tissues,  wliich  is  designated  as  suppuration. 


CAUSES    OF    SUPPUHATIOX. 
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is  possible  only  under  the  cnndition  that  they  die.  This  tissue- necrosis  is 
usually  pivsent  iM^fore  tlie  oorurrencr  i)f  suppunitjoa,  and  is  oaiisi'd  by 
the  speciti**  action  of  the  agent  exeitiug  the  iuflammation.  The  tissue 
uijiy,  hf  I  Winer,  die  only  during  the  eonrse  of  inliaiiimatory  inliltreitiou 
and  then  liquefy. 

If  au  areuTUulatiou  vi  pus-eorpujseles  is  aascKdated  with  an  abundant 
collectiuii  of  fluid,  the  exudate  is  spoken  of  as  seropumlent ;  and  such 
ail  exudate,  wtn^n  in  tilt  rating  the  tissues,  in  often  designated  purulent 
oedema.  Tin*  rapid  spread  of  a  ]>urident  or  st^ropunih^nt  inllainniation 
over  wide  areius^ — ^for  exatnide,  through  extensive  ai"eas  of  sidjeutaueons 
or  sul»niueus;d  1  issues— is  knowu  a^^  phlefi^mon  (Mg.  209,  r,  d).  This 
leads  very  often  to  the  fonuati«iu  of  extensive  joiseavities,  in  whieh 
there  lie  shreds  of  disintegrating  tissue  inhlt rated  with  pus. 

Tlie  assoeiaticni  of  s4.^rous  exuihitiun  and  tiloin  i)reeipitatiem  with  8up- 
piirution  le^i^Ls  to  the  formation  of  fibrinopuruient  exudates  (Fig,  20,% 
d,  *');  and  effusions  into  the  bodyeavities  and  meningeal  exudates,  iw 
Wfll  jm  (n-onjMUis  exudates  on  nun-inis  surfaees  ami  in  the  Inngs,  and  nlj*o 
phh-ginons  nniy  bear  tliis  eharaeter.  It  is  to  be  notiMl,  however,  tliat 
with  the  increase  of  supjui ration  the  formation  id'  iibrin  beeonies  de- 
cn*a-sed,  and  the  masses  of  eoagula  already  pri'scMit  tbssolve.  Tlie  Iibrin- 
masH?s  inlilt  rated  witli  pus  are  winle  and  easily  torn, 

Suppurations  and  the  assoeiatetl  formation  of  ai^seesses  and  ulcers  are 
In  the  majority  of  ca^^^'S  caused  by  bacteria,  most  frequently  by  the 
Staphnlocorem  pt/OfieneH  aureus,  Strtytoroi'ruH  pt/of/enea,  and  the  Gonocm*euH  ^^ 


m^e 


-^ 


:-g£^^^-   .^ 


^--^v**^^^-!^*: 


•  -i>!<lnK    S^M'tiim  lhn)ujrh  tJit*  nnnM*ia  Ui\  un*!  suhTtittivvta  \h\  t>r  Mim  larwi'  fnr*'><tln<- ;  i\  mum'U- 
i^'luridular,  </,.  miibjerliindtilur  tiirtltmOnxi  tif  Xhv  miirusn;  r,  fLK-tisnf  liillltrutirtii  In  tbt^  Hiibmu- 
...... jiAUtl  uppiT  (Tliimtular  la>>T  umltTW^'iniT  <f«^sqimmatloQ ;  q^  ulof»r  with  jnllltmlwl  \mim.     ■  ^. 

InU  suppurations  due  to  Artittomifrfs^  lUffifhfH  tiiphiahdomifwli^,  I>tphrm'*viH 
pftrttmotu'a\  or  the  I^^trtrnum  *'<fii  rtfmmnnr,  are  not  rare.  The  sta]div  lo- 
eoeci    generally  iirodm-e  localized    inthimnniti^nis:    slreptococei,   on  the 


eoeci    generally  i 

other  hand,   pblt^gmonnns. 


ri'.e    1 1  resell  ce  of  certain   bacteria    {  Bttrdhia 


phh'fimonrftemphifHnmtfomr,  Fninkel :  BueilJuji  nerog^^nes  rapmhtfits,  \\%dch) 
may  cause  the  formation  of  gas  {(/^jH-phfeipttott }.     Suppuration   is  sonn*- 
■5  ectogeuou>4,  sometimes  lymphogenous  or  htematogenous;  and  in  the 
«ise  often  bears  the  clnu;n;ter  of  a  metastatic  process  (Fig.  2t>7 )* 


timcH 
l;i.Ht  e; 
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CX  the  chemical  sabstmoces  which,  when  introdafed  into  the  tia^oes, 
eaij  prrjdaee  .supporatiou  may  be  mentioned  merenry.  oil  of  turpentine, 
petroleum,  fi^e-  to  teu-per-eent.  solutions  of  silver  nitrate,  ereolin.  digi* 
toxiD,  dilate  erotoii-oil.  and  sterilized 
i'ultarc?^  of  various  tjacteria,  in  which 
the  bairterial  prr>teins  are   the  active 
agentK      The   suppurations  produced 
by  chemic-al    sulistances    differ    from 
those   prfiduced  by  infection,  in  that 
they  h«^l  more  easily,  do  not  spread 
in  the  ti*»iues,  and  do  not  give  rise  to 
metastases,  and  through  the  fact  that 
their  products  when  inoculated  possess 
no  virulence. 

Literature. 

(Suppuration  and  Gajs-phieffmon.) 

Brandenburg:  Reaction  der  Leukocyten  aaf 

Ouajaktinctur.       3Iunch.     med. '  Woch., 

190r). 
Buchner:  Die  chemiM-he  Reizbarkeit  d.  Leu- 

k^K'vtc'D  II.  deren  Bezieh.  zur  Entzundting. 

Berl.   klin.  Wcxh..     1890  ;    Bakterienpro- 

X^in*'.  tJ.  deren    Bezieh.    z.    Entzundung. 

CbL  f.  Chir.  1890. 
Bonge:  Zur  Aetii)logie   der  GaspblegmoneD. 

Fortvhr.  d.  Mwl.,  xii  ,  1894. 
Ck>enen:  Die     Aleuronat  -  Pleuritis.      Virch. 

Arcii..  163  15*1.,  1901. 
Councilman:  Zur    A<*tiologie  der  Eiterung. 

Virrh.  ArHi..  92  Bd.,   188.S. 
Deganello :    Strukttir     u.     Graniilierung    d 

Z<flUii  d.   Eitf-rs.     V.   A..  172  Bii.,    1903 

(Lit.). 
Dmochowaki  ii.  Janowaki:  Eiterung  erreg. 

Wirk.  <1.  Tvpliusbiicillus.     Beitr.  v.  Ziec- 

Iffr,  xvii..  1895  (Lit.). 
Dubler:  Ein   Br*itra^  zur  Lebre  von  dt-r  Ei- 
terung, Basel.  1H90. 
Fraenkel,    C:    Ui.'ber     die    Gaspblegnionen. 

Leipzig.     189:^     Mtlnrb.      med.      Wmb., 

1899;  Z.  f.  Hyg..  40  B<1.,  1902;  Gaspbleg- 

mone  u.  Scbauniorgane.    Ergebn.  d.  a.  P., 

vii  .  1904. 
Grawitz:   Be<lcutung  des  Cadaverins  fQr  d.  Entateben  von  Eiterung.     Vircb.  Arch.. 

110  Bd.,   1887;   Zur  Tbeorie  der  Eiterung.     lb..  116  Bil  ;  Histol.  VerftmL  lu-i  der 

oiterigen  EntzQndung.     lb.,  118  lid.,  1889. 
V.  Hibler:  Spaltpilze  in  Zellen  Ixi  fliterunc.     Cbl.  f.  Bakt,  xi.x..  1896. 
Janowaki:    Die  Ursaclien  der  f2iterung.     Beitr.  v.  Ziegler,  xv.,  1894  (Lit.):  Morpbol- 

oirie  des  Eiters.     Arcb.  f.  exp   Patli.,  36  Bd.,  1895. 
Kaufmann:  Einflnss  des  Oigitoxins  auf  die  Kntstebung  eiteriger  Pblegmonen.     Arch. 

f.  rxp.  Patb.,  XXV.,  1889;  Die  Entstebung  der  EntzQndung,  Leipzig,  1891. 
Kiener  et.  Duclert:  Formation  et  guerison  des  absees.     Arcb.  de  nie<l.  exp.,  v.,  1893. 
Klempner:  L'eb.  d.  Ik'Z.  <1.  Mikroorganismen  z,  Eiterung.     Zeitscbr.  f.  klin.  Med.,  x., 

IHH.V 

Kronacher:    Di(^  Aetiologie  und  das  Wesen  der  aeuten  eiterigen  EntzQndung,  Jena, 

1891. 
Krynaki:    r(l>er  die  Ursacben  acut-eiteriger  EntzQndungen.     Cbl.  f.  allg.  Patb.,  i., 

1890. 
Lemi^re.  De  hi  suppuration.  Paris.  ISDC. 


Fio.  200.— Phlfinnon  of  the  suhrutaneous  tis- 
sue with  formation  <»f  a  vesicle  thn>uffh  «>*d4»ina 
(MfUler's  fluid,  hspmatoxylln,  eosin  •.  *i.  Coriuni : 
b,  epidenni« :  c,  inflltroted  fat  tissue:  <'.  forus 
of  pus ;  f,  ct*llular  foci  in  corium  ;  / ,  8ut»»*pitbe- 
Ual  vesicle  due  to  oedema,    x  9it. 
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g  93.  As  wjus  explained  iu  g  92»  suppurative  inflammation  always 
leads  to  tissue -necrosis;  but  this  necrosis  is  innneiliately  l^tst  sij^lit  of  in  the 
prt^siniee  of  the  li<iuetiM'li<Mi  and  dissolution  id"  the  liasues  whirh  fHiin 
the  ehiiracteristic  featuie  ol  suppuiatiutu  In  other  forms uf  action  ii}>on 
the  tissues,  there  may  occur  a  luore  extrusive  tissue -uecroais,  it!Coguiz- 


& 


^9     $ 


~f% ♦  f^s** '^  W  WV    •«»  »  • 

Fio.  210.— NecroRlA  of  tti<*  ppltht^llum  of  thp  fplfflnttli*  (MQJIer*M  rluld.  hEFmBtoxylln)*  n,  tivivtg  opi^ 
Uielluin  with  weU-fttalriBd  JiiH'M  ;  /i,  [ii^iuth*  4?p|ihi:*|juiii  wUh  iiufM  iir»t  «it4ila1ii)t(  r  c,  It*uc^»eyU!*i  lyiiiir  lu 
tbe «filtlM}]ilum  1  f(,  bytwrimMTik",  (liDiuiuHj,  umi  tiiHttniltMJ  ronin^^Uvc  tLsKUf.     v  JMlO. 

able  even  to  the  unaide<l  eye,  which  is  n<»t  followed  by  snppnnition.  but 
on  the  other  hand  is  eliaraelerized  by  thi^  fact  that  the  neerolic  portions 
of  Ihe  tissue  rennuii  unchan^^ed  fur  a  bni^  time,  and  only  i\^lali\ely  late 
are  removed  through  setiut^stration  antl  sluu^hinji:  uv  through  a!>sorption. 
Since  the  lissue-nerrosis  iu  such  a  cas*>  forms  the  chief  feature,  the  etm- 
dition  may  Iki  appropriately  desi|^nated  a  necrotic  inflammation. 

The  tissue- necrosis  associated  with  iHHammation  may  be  caust*d  by 
caustic  chemicals,  high  or  low  temperaturest  and  i^h^emia,  as  well  as 
by  infection  (typhoid  fever,  diphtheria,  dysentery,  am!  tubeiTulosis). 

The  necrosis  of  the  tissue  may  appear  tii'st  of  all  :ts  the  ini mediate 
effect  of  the  ijijurious  ttction»  the  indammatory  exudation  following 
latei\  and  bein|?  confined  to  the  region  adjoining  the  necixisis;  this  is 
especially  the  ease  after  the  action  of  corr-osive  sulistauces,  and  high 
lemperatura,  and  in  isehannia.  In  other  cases,  which  belong  chiefly  to 
the  infections,  an  inflammation  is  first  established,  the  inflamed  ami  in- 
filtrated tissue  later  Iveeoming  necrosed.  In  tul>ereub>us  infect i<»ns  the 
necrosis  occurs  only  after  the  tissue- proliferation  has  developed  and  has 
existed  for  some  time. 
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Necrotic  iiitlammatiou8siit>  most  frequently  seen  on  the  mucous  mem- 
branes, ami  are  liere  usually  ciillerl  diphtheritic,  iiarticularly  those  which 
m\^  caused  by  inJVctioa.  Tlic  uccrosi^i  may  at  tirst  attect  the  epithelium, 
which  iij  ctHis^Hjueiu'e   los/es  ^ 

il8  nuclei  (Fig.  210,  b)  and  — *^      ,      ai    ' 

hitei'  acquires  a  iuuipy  ap- 
Iicarance.  If  there  are 
ronried  w  h  i  t  c.  o  p  a  cj  u  e 
patch(>s  iipou  the  mucous 
nteuibraiK\  as  in  tlw  phar- 
yux  in  tUplitlieria,  tlie  con- 
dition may  be  spoken  of  ns 
cjtiffirfial  or  HHprrJk'ifd  dtph 
th-Hik.  Usually,  liowever, 
the  designation  iUphfhentin  is 
u|*|>ticd  oidy  In  tissue  ne- 
crust*s  in  which  the  iftjfamed 
3  ii  I  id  hijHti'dfrti  r  o  n  w  /■  r  five 
ti.H,HH*'  tni  (I  r  r  f/  o  c  s  fi f'f*roHW 
(  Fi^.  211,  a},  and  tusMmies 
con  verted  iuto  a  bnnpy  or 
Krannlar  mass  witliuut  im- 
cU^ij  or  into  a  more  ht>mo- 
geneouH  ma-ss  containiug 
fibrin,  in  which  the  struct- 
ure of  the  tissue  can  uo 
1  o J ige I'  be  T'ce <  »*^^ 1 1  i zetl . 

Diphtln^ritic  shuighin;; 
of  tho  tissues  of  a  mucous 
menibrain:'  is  ot>s(*rved  pai*- 

ticularly  oficn  iu  the  intestine  (Fig,  211),  but  occurs  atso  in  other 
mucous  mcndujiues,  a»s  In  those  of  the  vagina,  the  deseeudiug  urinary 
I»assages,  and  the.  region  of  the  throaty  whei'e  the  tonsils  ai*e  especially 

frequently  atfect- 
e<l.  etc.  The  ne- 
crotic tissue  forms 
wliih',  or  grayish - 
white,  f>J\  til  rough 
the  admixture  of 
bk*o(l  or  \t  il  c  or 
otlH*r  impurities, 
dark  green,  yeJlow, 
l»rowu,  or  other- 
wise c  o  1  o  r  e  il 
sloughs,  whieti  are 
surrounded  by  red- 
dened and  iutlamed 
tissue.  U  some 
tinn*  has  already 
elapsed  since  its 
"^        -'  ^  fui'Tuation,  and  if  a 

FlO.  21g,-8ecM<in  of  the  uviik  In  plMir?niieal  diphtheria  with  4'it>ii|KJtn»  Tiriiiar>i.*i  i,.,^  ^r   *i.* 

depufilta  (iikxibol,  unlltne  lin>wn),    n,  Noniml  Hfiithelium  ;  7j,  cciiuu'^'Uv**  iiqufJ -u  imii  ui    lue 

tlviieof  the  ifitii'«>ijs  mein>»rH[i(';   r,  TeUvuhil**nl  Ubrtn:  tJ,  roniK^  tlvf  ijwtw  tisSUC  'll  the  bon  lirl 

of  oiw<»!Ui  lijniiititi^<l  HiUi  riMifftJlut^I  aiirln  und  ixmocl  c**lk,  iiml  pnn\y  *         ,                ^j^uii^i 

iieertJtJt':  fc%bloud.ve^fii4?U; /,  liUJiuoiTtiJiKi*;  y,  iiluuipsof  uilrnH'*«Tt     ■•:  75.  ftTJ'      Lietwecn    the 


FiQ.  IJIL— BaflllAiT  dlpbthprltls  of  ttu^  lar^  [iit«>stlae  In 
dyHemLerv  ^^uk-ohnK  irf'istlaiii  vluletL  «,  Necn'Mo  puittuti  nf 
ttii>  tfjuiidular  luyer  ot  Uiv  iiiiji^u^iu,  mnUmleU  with  InuUll;  b, 

Biui^jiMii;  t,  t'<>luiik''S  uf  buHHl ;  /.  irlatxiu  m  Ith  llvlug  t*pUhe- 
riuiij ;  (/,  Klttnds  with  iie<'n>ik:  epIthiHluni  uml  tMM!lUl;  h,  w>u- 
riH'Uvi'fLsMtit»  iiiflltniLwl  wUh  <"i*ll!!i;  i,  bUiodl-Vb^ssttls.     x  80. 
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living  and  dead,  tissues  has  occurred,  with  a  separation  of  the  latter, 
the  necrosed  parts  form  loosely  attached  or  wholly  free  deposits  lying 
on  the  surface   of  the    membrane,   these  consisting  at  times  only  of 

small  flakes,  at  other  times  of  larger 
sloughs. 

Diphtheritic  of  mucous  membranes 
may  be  associated  with  croupous  de- 
posits (Fig.  212,  c,  d),  so  that  the 
tissue-necrosis  (d)  may  be  covered 
over  with  fibrin  (c). 

Wound-granulations  may  also  ne- 
crose in  the  same  way  as  do  inflamed 
mucous  membranes;  such  a  condi- 
tion may  therefore  be  called  vxmnd- 
diphtheritis. 

Fio.   2i8.-Dipi)tiieritio  oeerosii  within  a  Acute  tissue-necroscs  causcd   by 

S^*(atoSSTlbHnlS2^^  infection  occur  in  the  case  of    the 

between  the  necrouc  cell*.  X  300.  internal  orgaus,  chiefly  in  the  lymph- 

glands  (Fig.  213),  spleen  and  bone- 
marrow,  and  are  characterized  by  the  formation  of  opaque  grayish- 
white,  yellowish,  or  dirty-gray  doughs.  Not  infrequently  fibrinous 
exudations  are  seen  within  the  necrotic  tissue  (Figs.  212,  d;  213). 

In  the  necrosis  caused  by  tuberculosis  the  destruction  of  the  tissue 
occurs  gradually,  and  bears  the  character  of  a  caseation. 

When  an  inflammatory  focus  contains  bacteria  which  excite  putrid 
deoomposition  of  albuminoid  bodies,  the  inflammation  may  take  on  the 
character  of  a  putrid  gangrene ;  and  the  tissue  may  disintegrate  into  a 
dirty  gray  or  black,  tinder-like  mass  which  gradually  dissolves  and  gives 
off  an  extremely  disagreeable  odor.  Qas-bubbles  are  also  sometimes 
developed  in  the  focus.     (ISee  §  92. ) 
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Sec  also  §g  89-02 

II.  The  Termination  of  Acute  Inflammation  in  Healing. 

§  94.  Should  there  occur  in  any  tissue  whatsoever  au  acute  inflamma- 
tion, sooner  or  later  there  always  arise  processes  which  have  in  aim  the 
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removal  of  the  changed  established  and  a  restoration  of  the  degenerated 
tissue,  and  which  may  therefore  be  regarded  as  processes  of  repair.  If 
the  cause  which  excited  the  inflammation  is  no  longer  present,  these 
processes  consist  essentially  in  the  cesmUon  of  the  pathological  exudation 
and  its  replacement  by  the  normal  vascular  secretion,  the  removal  or  absorp- 
tion of  the  exudate  present  and  of  the  necrotic  tissue,  and  the  restoration  of  the 
destroyed  tissue.  If  the  exciting  cause  of  the  inflammation  is  still  present  in 
the  tissue  and  active,  it  must  be  removed  or  rendered  inert. 

The  cessation  of  tlie  alteration  of  the  vessel-walls  is  brought  about 
through  the  restoration  of  the  normal  blood-supply  to  the  damaged  blood- 
vessels, so  that  the  nutrition  of  the  vessels  again  becomes  normal.  If  the 
alteration  was  slight,  and  if  the  exciting  cause  of  the  inflammation  had 
acted  only  for  a  short  time — if  it  is  the  case,  for  example,  only  of  the 
brief  action  of  a  trauma,  or  high  temperature,  or  chemical  substance,  that 
was  quickly  removed — the  restoration  of  the  vessels  may  take  place  in  a 
very  short  time,  i.  e. ,  in  a  time  that  may  be  measured  in  minutes  and  hours. 

When  the  exciting  cause  of  the  inflammation  acts  for  some  length  of 
time — as,  for  example,  in  the  case  of  bacteria  which  live  and  multiply  in 
the  tissues,  or  if  changes  are  brought  about  through  the  inflammation 
itself,  which  act  in  such  a  manner  as  to  alter  the  vessels — if  there  has 
been,  for  example,  a  tissue-necrosis — the  vessels  are  subjected  for  some 
time  to  a  continued  harmful  action,  which  hinders  the  complete  restora- 
tion of  their  functions. 


FIG.  214.— Phagocytes  from  fn^nulatlon  tissue  with  included  leucocytes  and  frafnnents  of  same  (sub- 
limate, BlondiV  stain),  n.  Round,  ^,  spindle,  fibroblast  with  leucocytes ;  c«  d,  e,  fibroblasts  containing  re- 
mains of  leucocytes.    X  500. 

The  absorption  of  the  exudate  occurs  in  many  cases  easily  and 
quickly,  in  that  it  is  taken  up  by  the  lymph-stream,  eventually  also  by 
the  blood.  Tliis  takes  place  most  quickly  in  the  case  of  serous  exudates, 
yet  in  many  places  fibrinous  exudates  may  also  be  quite  rapidly  removed, 
but  this  occurs  only  when  the  coagula  soon  liquefy.  For  example,  the 
coagulated  exudate  in  the  lung  may  be  liquefied  and  made  capable  of 
absorption  through  the  action  of  a  proteolytic  enzyme  (Miiller)  that  arises 
most  probably  from  the  leucocytes.  The  absorption  of  exudates  is  very 
often  aided  by  phagocytes,  that  is,  through  the  activity  of  amoeboid  cells 
present  in  tlie  inflamed  area,  in  taking  up  corpuscular  substances  and 
destroying  them.  Thus,  for  example,  large  mononuclear  cells  (macro- 
phages) lying  within  the  inflamed  area  may  take  up  through  amoe- 
boid movement  poly  nuclear  leucocytes  (Fig.  214,  a,  h)  and  dcvStroy  and 
digest  them  (c,  d,  r).  In  the  same  manner  red  blood-cells  and  their 
disintegrdtion-products  may  be  taken  up  (Fig.  115).  Firmer  fibrinous 
exudates  such  as  are  formed  especially  upon  the  serous  membranes,  and 
also  large  collections  of  pus,  usually  offer  considerable  resistance  to  ab- 
sorption and  are  the  cause  of  the  prolonged  course  of  the  inflammation, 
although  the  character  of  this  may  become  changed  from  what  it  was  in 
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the  beginning.  In  very  many  cases  absorption  is  accomplished  by  the 
sinuiltaneoiis  substitution  for  the  exudate  of  embryonic  tissue  which 
later  l)ecome8  changed  into  connective  tissue. 

The  sequestration  and  absorption  of  necrosed  tissue,  with  the  ex- 
ception of  the  casting-oflf  of  dead  epithelium,  which  may  be  very  quickly 
accom])lished,  always  require  a  certain  length  of  time,  which  varies 
according  to  the  nature,  situation,  and  extent  of  the  necrosed  tissue. 
In  general,  the  inflammation  persists  as  long  jis  necrotic  tissue  is  still  pres- 
ent. Superficial  necrosed  tissues  may  be  cast  off  after  sequestration — that  is, 
after  the  separation  of  the  dead  from  the  living  tissues.  In  the  case  of 
deep-seated  tissue-necroses  in  w^hich  the  tissue  does  not  soon  undergo 
total  liquefaction,  absorption  m  usually  slow,  and  is  brought  about  through 
a  gradual  substitution  of  living  tissue  for  the  dead.  Pliagoc3rtosis  often 
takes  place  also  in  the  absorption  of  necrotic  tissue.  Fatty  products  of 
disintegration,  which  have  a  positive  chemotactic  action  upon  the  amoe- 
boid cells,  are  taken  up  in  large  amounts,  so  that  fat-granule  spherules  are 
formed  (see  Fig.  69). 

The  regeneration  of  the  degenerated  tissue  is  dependent,  for  its  oc- 
currence, partly  upon  the  degree  and  extent  of  the  degeneration,  partly 
upon  the  nature  of  the  tissue,  and  partly  upon  the  mode  of  action  of  the 
agent  exciting  the  inilammation. 

If  the  tissue-cells  of  the  inflamed  area  are  but  slightly  degenerated, 
they  are  quickly  restored  when  the  nutrition  becomes  normal.  If  single 
cells  ai*e  lost  but  the  organization  of  the  whole  is  not  disturbed,  there  can 
take  place  in  most  tissues  a  rapid  renewal  of  cells  through  a  regenerative 
growth  of  the  remaining  cells.  This  is  true  particularly  of  the  different 
forms  of  connective  tissue,  the  surface  epithelium,  liver-  and  kidney-cells, 
while  ganglion-cells,  bone-cells,  cartilage-cells,  and  heart-muscle  cells 
possess  but  little  or  no  power  of  regeneration  (see  Chapter  VI.).  Ex- 
tensive destruction  of  tissue  with  solutions  of  continuity,  wounds,  frac- 
tures, suppurations,  necrotic  inflammations,  etc.,  lejid  to  tissue- prolifer- 
ations, w^hich  are  indeed  sulflcient  to  close  the  defect,  but  for  the  greater 
part  do  not  lead  to  a  restoration  of  the  normal  tissue,  but  to  the  forma- 
tion of  a  tissue  of  a  lower  grade,  which  in  its  earliest  stages  is  known  as 
granulation  tissue,  in  its  mature  form  as  cicatricial  tissue. 

With  the  entrance  of  regenerative  proliferation  and  the  formation  of 
granulation  tissue,  there  appears  in  the  course  of  the  inflammation  a 
phenomenon  which  later  gives  to  the  inflammation  an  especial  charac- 
ter, so  that  it  may  be  designated  a  proliferating  inflammation. 

The  phenomena  of  proliferation  begin  in  inflamed  tissues,  at  the 
earlieSu  after  eight  hours,  but  are  usually  first  clearly  recognizable  after 
from  twenty-four  U)  forty-eight  hours. 

In  general,  they  appear  the  more  rapidly  the  milder  the  inflamma- 
tion and  the  more  quickly  the  pathological  exudation  is  overcome  or 
diminished.  Suppuration,  necrosis,  and  gangrene  of  the  tissues  hinder 
proliferation  and  retard  the  beginning  of  repair,  or  at  least  confine  the 
reparative  processes  to  the  neighboring  tissues. 

Every  tissue  capable  of  proliferation  furnishes  formative  cells  for 
tissue  of  its  own  kind  or  for  one  closely  reflated  to  it.  Pus-corpuscles  are 
not  formed  by  the  tissue-cells;  on  the  other  hand,  cells  newly  developed 
from  the  tissue-cells  by  proliferation  way  become  mixed  icith  the  exudate^ 
degenerate  in  the  same,  and  die.  Thus  not  all  the  cells  newly  developed 
through  proliferation  fulfil  tlieir  functiim  of  producing  new  tissue. 

The  removal  of  the  exciting  cause  of  inflammation  takes  i)lace  very 
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diflferently  in  diflferent  cases^  and  depends  in  the  first  place  upon  the 
nature  of  the  esiuse.  Many  traumatisms  and  thermal  influences  act  but 
for  a  short  time,  and  have  no  further  influence  upon  the  coui*se  of  the 
inflammation.  Many  substances  acting  chemically  may  be  quickly  taken 
up  by  the  tissue-juices  and  made  inert,  or  excreted,  wJiile  others  remain 
locally  acti  ve  for  a  longer  time.  Inmiuble  foreign  bodies  in  Ihefortn  of  dust 
which  have  penetrated  into  the  tissue,  as,  for  example,  into  the  lungs, 
are  for  the  greater  part  taken  up  by  phagocytes  and  carried  away  (see 
§  21)  and  either  deposited  here  or  there,  or  are  removed  from  the  body. 
Of  the  bacteria  exciting  inflammation,  many  soon  die  as  the  result  of 
bactericidal  subntances  formed  in  the  diseased  area  (see  §  31).  The  destruc- 
tion of  the  bacteria  takes  place  partly  in  the  tissue-Jluids  and  partly  by 
phagocytosis,  the  bacteria  being  taken  up  by  the  cells  either  alive  or  hav- 
ing first  been  killed  are  then  digested.  Of  the  bacteria  producing 
inflammation,  many  soon  die,  while  others  live  and  constantly  pro- 
duce new  generations  which  in  turn  cause  new  inflammation,  often  in 
such  a  way  that  in  the  first  diseased  focus  the  inflammation  may  subside 
and  healing  take  place,  while  in  the  neighborhood,  or  even  in  more  dis- 
tant regions,  metastatic  inflammations  develop. 

On  account  of  the  great  differences  which  exist  both  in  the  nature  and 
the  behavior  of  the  exciting  cause  of  the  inflammation,  as  well  as  in  the 
course  of  the  inflammatory  tissue -degeneration  and  the  exudation,  and  in 
the  course  of  the  healing  processes,  it  is  easy  to  understand  that  the  whole 
course  of  an  inflammation,  even  to  its  termination  in  healing,  may  vary 
greatly  in  di£ferent  cases,  so  that  all  the  possibilities  of  its  course  can 
hardly  be  reviewed.  At  the  same  time  it  is  not  difficult  to  comprehend 
the  decline  of  the  di£ferent  forms  of  inflammation,  since  ultimately  the 
whole  process  is  always  made  up  of  the  same  factors — that  is,  of  tissue- 
degeneration,  pathological  exudation,  and  of  proliferative  processes,  the 
last  of  which  are  calculated  to  remove  the  disturbances  caused  by  the 
first  two  factors. 

Neumann  groups  under  the  term  inflammation  all  those  phenomena  which  develop 
locally  after  a  primary  tissue-lesion,  and  are  directed  to^vard  the  healing  of  this  lesion. 
According  to  this  view,  regeneration  is,  therefore,  the  most  important  part  of  the  in- 
flammatory process,  in  that  it  is  especially  adapted  to  restore  the  defect  of  tissue  caused 
by  the  primary  tissue-lesion,  or.  as  Xeumann  puts  it,  to  restore  the  uninterrupted  con- 
tinuity of  the  tissue.  Such  an  identification  of  inflammation  with  regeneration  I  hold 
as  inadmissible,  in  the  first  place  because  tissue- regenerations  occur  which  clinically 
and  anatomically  in  no  way  bear  the  character  of  an  inflammatory  process.  Then  also 
the  inflanmiatory  pathological  exudations  cannot  be  regarded  as  phenomena  that  can 
be  comparetl  with  regeneration,  and  that,  like  it,  have  for  an  end  the  healing  of  the 
primary  tissue-lesion.  Even  if  they  act  favorably  in  individual  cases  (the  production 
of  bactericidal  antibodies,  formation  of  complement  by  leucocytes),  this  is  not  always 
true.  Much  more  often  do  they  cause  serious  damage  which  increases  that  established 
by  the  ])rimary  tissue-lesion,  and  often  enough  form  a  hindrance  to  the  rapid  establish- 
ment of  the  healing  process. 

The  phenomena  of  chemotroplsmus  or  chemotaxls,  that  is,  the  attraction  or 
repulsion  of  motile  cells  by  chemical  substances  sohible  in  water,  were  first  observe  I  by 
Strahl  and  P/eJfer,  who  c:irrietl  out  observations  on  the  myxomycetes,  infusoria,  bac- 
teria, spennatozoa,  and  zoospores.  Investigations  by  Leber,  Massart,  Bordei,  BoHssow, 
GabHtsrhewsky,  and  others  have  shown  that  the  leucocytes  likewise  are  attract-ed  by 
cheiniciil  substances  {positive  chem^^tropismus  or  chemotaxis)  or  are  repelled  by  them 
{negative  chemotropismu^).  In  particular  do  protiucts  of  the  vital  activities  of  the 
fission-fungi  {Leber,  Massart,  Hordet,  Gabritsehewskij),  or  the  bacterial  proteins,  that  is, 
albuminous  bodies  of  the  dead  bacterial  cells  {Buchner),  even  in  a  great  dilution  (accord- 
ing to  Buchner,  pyocyaneus  protein  acts  even  in  a  three- hundred-fold  dilution),  possess 
a  positive  chemot-actic  action.  According  to  Buchner,  this  property  is  shown  also  bv 
gluten-ciisein  from  wheat-gluten  and  legumin,  aleuronate,  glue  from  bones,  and  alkali 
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albuminates  from  peas,  while  ammonium  butyrate,  trimethylamin,  ammonia,  leucin, 
ty rosin,  urea,  and  skatol  show  negative  chemotaxis. 
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Il[.  Inflamtnatory  New-formation  of  Tissye;  Healing  of  Wounds  and 
Substitution  of  Exudates  and  Tissue«»  nee  roses  by  Connective 
Tissue. 

S  05,  Tlit*  infiammatory  proliferation  of  tissue  iseivseiitiiilly  ii  legeii- 
erative  process  whirh  idiiis  Ut  roiiqieiisiite  fur  the  H,ssue-lc»8ioii  producvd 
by  any  rause  of  iiitiinmiiatioii.  Ivsiiefisil  i-oiKiitious  niay  so  liitliieiice 
till*  procesH  that  Ihey  iii*t  rarely  lea*!  t*>  liyi>erplastie  pn^lifemtious  of  lire 
eounecrtive  tissue  wjiich  fail  to  aecinoplisii  Ibis  juirpose  aud  eause  new 
injury,  and  this  is  esi>efially  Hm'  ease  wIj{m»  the  eaiise  <*f  intlaiinjiatitin 
(ehninie  iiilVrtion  i  or  the  persistence  of  the  residues  of  aente  iiiHauinia- 
tion  (<*xndafes,  ahseess<\s  tissue  necroses )  keep  up  a  chronic  condition 
of  int1aiuinati<iji. 

The  intiannnattn-y  newfornnitinn  of  tissue  is  hion^ht  ahout  essentially 
in  the  nuinner  deserilxHl  earlier  (^g  HI ^86)  of  the  regenerative  and 
hyperplastic  proliteralion  of  tissue.  Tlie}"  may  be  diKtini^iiisheil  from 
simple  refjenerations  l)y  the  fact  that  tliey,  at  least  in  iv  part  of  their 
course,  are  aceoni|)aiiied  by  eh'r^thfforjf  (fhturhttHftft  and  pfffht^hf/lraf 
ejciithtfionfi,  espe<*ial[y  by  an  hnmff/nrfhtH  t^f  hfrnphoeifits  antf  ffucorfff^.s,  and 
that  thest*  La\(*  a.  modify inji;  aetion  uiit*ii  i1k*  ctnirse  nf  tin*  proeess. 

Thefirannhitinn  tissue  which  is  foruird  durin^r  Ihe  cuuise  of  an  iiitiam- 
niation  is  iiothiiii^r  more  than  :in  embryonic  tissue  arisin{r  throuj^h  cell 
proUferation  and  infiltrated  with   leucocytes  and  lymphocytes*     in 
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•I,,  ixjlyiiurk'Mr  Jfr-iKNiiryl**;   ^.  tlHTfrnM  foriiL*i  m!  mnniriiinHir  fllimliliiMU:  '\  IJbn^blasl  with  two  nuclei; 
r,,  miili1nurlKiirlVbn>liMt :  tl,  tibrulilikstH  In  the  hIiii^h  hT  n»iiMt^'elve-tjs.Hiie  r<>rtnatli.Jii;  v,  fully  UevelopCKl 

the  lieginning  it  couBists  essentially  of  erJh  ami  vewfm^ned  hhmthr*',sxeJ}< 
Avhi«*h  at  tirst  find  their  supjiorl  in  the^roiiiid-wubstauee  of  tltf^  tissue  from 
which  they  pass  out*  but  sotni  form  for  tlu*mst*l(^s  a  ftfir  f/n>uif*f  MHhfitanrf. 
The  cells  of  the  granulation  tissue  are  in  part  proliferated  tissue- 
cells  {  Fig.  21'),  //,  r,  it),  in  part  polynuclear  leucocytes  (r^, }  and  mononu* 
clear  lymphocytes  {<t).     In  must  cases  Ihe  proliferated  cells  are  et*nnee- 
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tivo-tissne  veUs  wliit-h  liilrr  prmhn^t'  rnmuH'tive  tissnc^s  (J,  r)  and  inv 
lhereft»re  kiiown  us  fibroblasts.  Tlii^  f^iTinuliitiiHi  lissuf%  liowtner,  may 
:il8o  contain  ihv.  drrivativt's  of  oHker  tissues,  for  exaiui>l*\  at'  tlie  [MM'ius- 
tt*niii,  Jiiarruw- tissue,  and  musi'le-t  issue,  in  the  funn  tti' t ml eohkiHts^  chttttiirft- 
hktniM,  and  mircohfastA,  whieh  are  able  to  I'oriii  hom\  eartihi{c<\  aiul  musele, 
FiirthiT,  uewly  formed  ffitiutlitfftr  rpithriitim  may  oeeiir  wiHiiii  glands, 
while  ill  miieous  niemhniiies  aiiti  in  the  outer  skin  m^w- formed  Hurfacr 
t'pithcUttm  may  be  found  in  or  U]Kiri  the  ^runnliitiiin-tissnr,  llo\^e  hrinj^ 
able  1o  proihiee  rpithrtittf  ifafittr format itHta.  The  fibroblasts  of  the  granU'^ 
tation-tis5ue  ctre  kir^^e  ijolymorphuns  etdls,  Avith  eleur  nneh'i  (  Fi*,',  liI5, 
f*),  and  in  jiart  jinssess  long  proi'<*sses.  Yinmg  forms  MithiHJl  iinieess«\s 
may  resendile  eiiitlielial  eidls  and  are  therefore  c]itss4_*d  with  Ihe  so-called 
ejiitindioid  eells.  With  Hn*  help  of  their  i>roeesses  tln\v  ean  pnsh  into 
the  tissue  sjinees.  Imt  usually  show  no  lively  auoehoid  miivenn*nts. 

In  tho  further  developnient  of  the  grauulatiiUi  tissue  the  fibroblasts 
form  contiective-tjssue  fibrlliie,  a  purtiou  uf  the  protoplasm  taking  oa 
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Fm.  2ie.— Scar  fifteen  dwya  old  (Muximow,  I,   c).     a.  Flbrol>liisr*i;  h,  tMJlvmoriiJifniH  hmi*Juxvte« 
I ix»ly blasts):    f.  utirlmngwl  lymphmyit'  (|>olyhliist  k      •    51  w'  •      »        * 


u  fihrillnr  apinniranee,  or  first  lieeouiing  more  hmuogeneous  aud   then 
producing  fifnilhe  (Figs,  2l"i,  *f,  r;  216,  a;  217,  n). 

The  polyniiclear  leucocytes  of  I  he  granuiatioii  tissue  (Fig.  215,  it) 
arising  from  the  idooiljiri'  not  eai»ahle  of  furthf*r  develoiuneut  and  i^ither 
vander  farther  oi' timdiy  flie,  parlteularly  (ln»si*  whieh  xispuHrurpuHrUs 
colleel  on  tlie  surtace  of  tlio  tissue'  or  in  ahs4-ess<*s.  \(  baeteriu  nie  pres- 
ent in  the  tissue  f  s(n^pt<n'<jet'i,  stnphyioet)eei,  gonr»eoeei,  anthrax  hnrilli, 

Lete.  )  the  h»ueoryt<^s  may  aet   us  phmjnviften  {mieruj^mges)  vlu^  aid   iu  the 

fdestruelicui  of  the  bneleria. 

The  lymphocytes  ami  mononuclear  leycocytes  of  the  grannlatiou- 
tissue  are  eells  whieh  for  the  chiel"  part  arise  from  the  bloiid,  althmigh 
•*urh  cells  may  later  be  present  in  the  (issue,  and,  inereasitjg  by  divisiun 
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tiuu  bo  niinfjlrcl  with  the  itIIs  tif  tho  cxufliite.  Muiiy  (if  them  dU^  in 
the  );nimthitioii  tissue,  us  ihi  tlie  iK)lyiiiieh>ar  leueoeytes;  or,  oji  the  nilier 
hiiinl,  liiey  iJiiiy  ehaiige  into  \arious  eell  forms,  aiul  from  this  ]>oint  of 
view  they  may  be  desi^uated  polybla&ts. 

Enhup^ment  of  tlie  eell  in^U^iphism  and  a  eertaiii  eidargement  iiud 
el  ear  i  1 1  g  of  (he  ii  i  k*1  e  u  ^^  give  t  h  e  j  n  !  I  le  c  1 1  a  r  a  ci  e  r  u  f  f  p  it  it  *i  mid  relh  ;  y  e  t 
usually  they  are  <»f  siaallt*r  si/e   Ihau  fibroblasts  and   Iheir  uuelei   .staiu 

-  aT^rjT,:  .^-'ihv^^-  Mh^f!^: 
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Fir*.  217.~Tbsue  frnm  ii  near  sixty-five  day.suld  (Miiximovv.  I.  v. ).    a,  Fihrnb lasts;  h.  ftj,  .spindle^ 
ftifiiieil  lyntphixTlfs  (i«]|y blasts),  with  elun^ated  iiiirJel    pinb**diltMt    In   th#*    ttj«nri;   t\  ptuHJim   ct?tt 


darker  (  inoilaematoxyliu  or  laelhyleite  blue )  than  thosi?  of  the  fibro- 
blasts. 

Bfi  stHiUHf/fnttpfititippm'udopodkt  they  iiia^'  take  on  the  utimt  ratifd/onn^ 
(Fig.  2 Hi,  in.  On  the  snrfaee  of  smooth  fonngn  bodies  tliey  may  also 
form  an  epil!n*liaMike  deiiosit  or  eovering. 

In  the  develojnnerit  of  (ibrons  eicatrieial  (issue  they  may  be  (*mlifdded 
Wfi  prrmifftrtd  rh'mmtH  of  the  sjinie  in  tiie  form  of  spittifie  ffflH  which  iinally 
can  be  distinguished  milx  with  tliftienlty  or  not  at  all  frouj  the  iuilinary 
conneetive-1  issue  cells  (Fig.  217,  h,  h^),  lleeasinnally  tljey  assume  also 
a  ehurat'tt^r  eorres[Mniding  lo  that  of  the  so-ealh^d  khtsmatoctftes  of  Hanvier 
(Fig.  21S,  b},  tliat  is,  they  form  spiudb'  or  hranclied  eells  eoarst^ly 
gramilar,  showing  many  xaenolesand  often  euutaiuing  grannies  staining 
metaehronuitieally  t  f*olychi'<nne  un^tliyleia^  Itlue).  Further,  they  can 
assume  the  ai>ijea ranee  ot'/'/f/-v//Hr-r<//«  t  Figs.  217,  e,  2bS,  r\  that  is,  round 
or  irregularly  formed  cells  having  an  eccentric  luu'leus  and  a  Inight  een- 
tml  and  a  tlark  graunhir  periidierai  |)lasina.  These  planuni  cells  later 
die  or  take'tui  tlu*  apfHnnanec  ut'  the  lirst-nained  forms. 

The  derivatives  of  the  lymphocytes,  pnii/hhtHh,  are  thns*^  cells  which 
Cbow  the.  greatest  aetivity  in  the  gianulatioji  tissue  as  phagocytes,  and 


not  only  take  tip  InieteiiH  hut  also  cells  timI   lilootl-eells  iiud  leucocytes 
f  F*i^.  214),  and  destroy  Hhmu  iir  carry  them  away, 

Tiu'y  Lavi*  also  ait  especial  iiiclinafioii  to  fMrrii  multinycleated  giaot- 
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ntt.  211*.  — Plasma  tpIIh  iiml   klsism«lo('ytPs  %lihlti  wtar  llasiie,  forry  ila3*»  ohi   (Muximow,  1.  c). 


cells*  aitd,  iinleed,  fnfitrtftM  fi^nns,  that  is,  throU|rli  Hh*  foitjfttriirt'  of  ('r/i,s 
ft/htf/  in  floMt'  roiitttrt.  This  is  most  trcqiiently  ohserved  when  lar^^er  or 
5<njalJer  forei*^ii  1h lilies  or  necrotic  jiort ions  of  the  tissue  lie  within  the 
graiHilatioii  tissue  (  Fip  2n>,  ^/),  and  tliey  are  then^toie  desi«,niatetl  as 
farei^n-lKMly  j^iant-cells.  Soluble  su1>sIjh ices,  forexaiupU',  eat ^qit sutures 
or  iiecrfitic  nniscU^-substance,  can  he  gradually  dissolved  by  thcia. 

The  presence  of  (H^rtsiiu  forms  td'  Imcteria  (tulierchv bacilli  and  lepra- 
bacilli  )  ciin  also  lead  \n  their  f»n"niJttion. 

TIh*  blood-vessels  of  the  $!:ranu]atiou  tissue  arise  throiir^h  otfshootH 
from  t'le  ohl  \essels  (see  Fi^^  IHU),  which  very  early,  cv^mi  at  that  time 
ill  which  the  imiuigration  of  leucocytes  takes  phu^e  (  Pig.  22u,  It,  b^)^  show 
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?tii,  S!9.  -r>off*8  hB!r  encapsulate  fti  th<?  iiiihciitan«oii«  tl»ue  <aJctilioU  Btsmank  brown K 
nbnmM  Uitsue:  t-,  pr<>UfenittiiK  irnuiulutltm  ilasiie;  d,  g-laiiU-Hls.    X  fltt. 


a,  Hftlr;  &, 


prolifemtive  processes  (w),  and  in  the  fornuition  of  pjranulatiou  tissue 
take  on  a  very  lively  protift-mtioiL  The  youn^  gninnhition  tissue,  as  a 
result,  beeonies  permeated  by  a  great  nnuilier  of  lih»od  ve.sstds,  so  that  it 
acquiresa  red aj^peanince*  During  the  transtoruiatiun  td*  Ihegniiiulation 
23 
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tissue  into  connective  tissue  or  scar-tissue  there  occurs  an  obliteration 

of  the  reasels  and  the  scar  becomes  pale. 

The  structure  off  the  granuhitloii  tissue*  tlie  origin  and  the  fate  off  the 
cells  contained  In  It.  have  been  for  decades  the  object  of  investigation  and  discussion, 
and  even  tonday  not  all  of  the  questions  can  be  regaided  as  solved.  It  has  been  demon- 
strated beyond  doubt,  however,  that  the  builders  of  cicairicial  tiame,  the  fibroblaHs,  are 

derivatives  of  the  fixed  conneciive^issue  ceils; 
further,  it  is  certain  that  the  polynuclear  leuco- 
cytes arise  from  the  biood  ana  undergo  no  fur- 
ther development.  The  origin  of  the  small 
mononuclear  cells  which  resemble  the  lympho- 
cytes and  the  mononuclear  leucocytes  of  the 
blood  is  still  a  matter  of  dispute,  as  is  also  the 
role  which  they  play  within  the  granulation- 
tissue.  Even  in  the  year  1876,  on  the  ground 
of  experimental  investigations,  I  expres^  the 
opinion  that  they  were  capable  of  a  further 
development  into  epithelioid  cells  and  that  at 
Fig.  280.-(*m8  -sertion  of  blood-vessel  the  time  of  their  formation  and  transformation 
fnun  tbe  deep  layers  of  the  skin,  forty  boura  they  exert  phagocytosis  and  take  up  other  cells 
after  piUiitinff  Uie  skin  of  a  rabbit  with  «„/  diirMt  thpm  and  that  thpv  «in  h^mA 
tincture  of  Iodine  (nemmlng's  solution,  *J?^  digest  tnem  and  tnat  tney  ^n  become 
safranln).  a.  Endothelial  cells  with  mi-  changed  mto  permanent  elements  of  cicatncial 
loses:  h,  bu  leucocyte*,    x  350.  tissue.     I  have  further  demonstrated  that  under 

especial  conditions  they  form  syncytial  giant- 
ceils, 
Afaximow,  through  investigations  carried  on  in  my  laboratory  in  the  years  1901- 
1902,  has  confirmed  the  view  that  the  mononuclear  leucocytes  and  lymphocytes,  after 
passing  out  from  the  blood-vessels,  may  undergo  further  development,  and  has  demon- 
strated that  within  the  cicatricial  tissue  they  take  on  in  part  the  appearance  of  klas- 
matocytes,  plasma-cells^  and  mast-cells,  also  in  part  appearances  similar  to  those  of  the 
ordinary  fixed  connectit^-tissue  cells,  so  that  finally  differentiation  of  the  two  cell-forms 
is  no  longer  possible.  They  also  change  in  part  to  fixed  connective-tissue  cells,  but  do 
not  produce,  as  I  formerly  assumed,  the  fibrillary  ground-substance. 

With  reference  to  the  varied  forms  which  these  cells  show,  Maximow  has  designated 
them  pAyblasts.  Much  more  appropriate  would  be  the  term  polymorphocytes  or 
pnikilocytes,  although  the  latter  term  is  in  common  use  for  various  forms  of  degenerating 
reii  blood-cells. 

The  differentiation  of  the  different  cell-fonns  as  given  above,  rests  essentially  upon 
differences  in  the  structure  of  the  protoplasm.  Plasma  cells  {Unna)  or  the  "kriiniel- 
zellen"  {von  Marschalko)  are  mononuclear,  round  or  oval,  at  times  elongated  oells  that 
.stain  intensely  with  methylene  blue  and  possess  an  eccentrically  placed  nucleus  showing 
a  chromatin  network  and  five  to  eight  chromatin  granules.  At  the  periphery  of  the 
cell  the  protoplasm  is  more  densely  clumped,  so  that  there  is  formed  a  lighter  area 
surrounding  the  nucleus.  The  klasmatocytes  {Ranvier)  are  spindle-shaped,  branched  or 
stellate  cells  with  blunt  or  swollen  ends  and  a  granular  protoplasm  that  often  contains 
little  vacuoles.  The  mast-cells  (Ehrlich)  are  roimd  or  flat  or  spindle-shaped  cells,  witli 
numerous  distinct  coarse  granules  that,  with  the  basic  aniline  stains,  show  an  intense 
metachromatic  reaction. 

Cells  of  the  character  of  lymphocytes,  leucocytes,  plasma-ceils,  klasmatoc>'tes.and 
mast -colls  occur  even  in  normal  tissue  and  are  regarded  by  some  authors  as  especial 
fonns  of  tissue  cells  and  by  others  as  cells  arising  from  the  blood.  According  to  what 
we  know  of  their  occurrence  the  most  correct  vi?w  is  probably  that  which  regards  them 
as  different  stages  of  development  of  a  mesenchymal  group  of  cells  of  an  especial  kind 
that  are  to  be  sepanited  from  the  tissue-building  fixed  cells,  and  to  this  group  there 
should  be  added  also  the  polynuclear  leucocytes  and  the  eosinophile  cells.  Certain 
stages  of  development  are  present  in  the  blood,  others  are  foimd  in  the  tissue  and.  indeecl, 
partly  in  especial  tis.sue-formation8  (lymphadenoid  tissue,  bone-marrow),  and  partly  in 
oniinar>'  connective  tissue.  I'nder  certain  conditions  the  individual  forms  may  pass 
into  one  another,  as.  for  example,  lymphocytes  may  become  transformed  into  plasma 
cells  and  klasniatocvtos  into  mast  cells. 

The  mononucleJir  cells  that  collect  so  quickly  in  an  inflammatory  area  arise,  for  the 
chief  part,  from  the  blood-vessels.  When  the  given  cell-group  occurs  at  the  place  of 
inflammation  (as.  for  example,  perivascularis  situated  klasmatocytes  or  lymphocytes) 
they  may  increase  bv  division  and  take  part  m  the  fonnation  of  the  cellular  collections. 
In  scar  tissue,  for  example,  polyblasts  of  the  appearance  of  klasmatocytes  may  change 
again  into  cells  corresponding  to  amoeboid  lymphocytes. 
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^  9*K  If  upon  any  ijart  of  the  Imdysurfaee  tliei-^  occurs  an  open 
woundt  wbicli  dncs  not  lM***oni*'  inft*fted  with  Imctciia  or  serionsh  in- 
jiiivd  ill  uiiy  way,  the  cd^^cs  jind  Irajm*  of  tbi*  w  onnd  aftrr  twenty-fiKir 
hoars  bi'couie  deep-red  and  somewhat  swollen.     The  individual  constitu- 

entH  of  the  tissue  can  still  \>e 
clearly-  recognized,  only  the  lis- 
snc  aijpi'iirs  somewhat  swollen, 
and  here  and  tht*re  small  sbivds 
.^/ISt^  of  necrotic  ttKsue  jnay  )h*  s<»en. 
On  the  second  day  Ilie^vJal  inons 
ct^ndition  of  the  tissues  is  more 
ai>pareiit,  the  oullines  ui'  the  in- 
dhiduid  tissue  -  elements  are 
LlUirfsS  elTaced,  and  the  cidor  b**coiues 
gniyish-red.  On  tlie  wound 
there  lies  a  reddish  yellow  tluid. 
From  the  second  *hiy  on  I  here 
appear  over  the  whole  wound 
small  rrd  papules,  which  rapidly 
increas4»  in  nnmU^r  and  size,  lie- 
come  cfndlneut,  and  after  two 
to  three  days  furja  a  (fritnnlar 
red  snrface — a  granulation  sur- 
face- This  is  covered  with  a 
nn)re  or  less  abundant  wound -se- 
cret ion,  whicdi  forms  a  gray,  ge- 
lalin*»us  layer,  later  iM^coining 
more  yellow  ami  creamy.  This 
layer  consists  of  a  vfutf/tththfr 
e.nitlnff  anil  numerous  p«dynn- 
clear  h*ncofvtes. 

The  changes  which  tlit*  sur- 

^\\b  flhritiupuruiHm  mviiriiiK  tMaiif^'i  fltiiii,  hii*matoxy-  the  Hrst  two  flavs  dependent  urion 

llriK.    ir,  LJraniiluUon  lliistje;  h,  flbrlnitpuruletil  layer;  <?,    .i       i         ,   ,  '  .'  %  .i       - 

bir>od^vt«s*fiii.    /  i;*i.  the  loi'al  liyprra^mia,  and  thein- 

filtration  of  Hie  tissue  with  eel* 


* 
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lular  and  fluid  exudate,  and  upon  the  swelling  and  liquefaction  of  the  tis- 
sue ;  as  early  as  the  second  day  there  is  added  thereto  a  tissue- proliferation 
with  new-formation  of  vessels,  leading  to  the  development  of  wound- 
S:ranulations.  After  a  few  days  there  will  have  developed  in  the  wound 
a  ffranulatian  ti^isiie  (Fig.  221,  a)  consisting  of  fibroblusls  and  leucocytes,  and 
rich  in  tride  vessels  (c),  and  in  which  there  very  soon  appears  a  JibHUar 
ground-substance.  The  leucocytes,  which  belong  chiefly  to  the  polynuclear 
form,  are  found  in  all  the  layers  of  the  skin  in  fresh  granulations,  but  heap 
themselves  particularly  in  the  superficial  strata,  and,  embedded  in  fibrin^ 
cover  over  the  surface  of  the  granulation  tissue  (6).  The  fibroblasts 
are  found  most  abundantly  in  the  deeper  layers  (Fig.  221,  a),  and 
here  the  new-formation  of  connective  tissue  proceeds  most  actively. 

When  a  certain  degree  of  fibrillaj-formation  has  been  reached,  the 
process  comes  to  a  standstill,  the  remains  of  the  fibroblasts  with  their 
nuclei  remain  as  fixed  connective-tissue  cells  (Fig.  215,  e)y  continue  to 
live,  and  attach  themselves  to  the  surface  of  the  bundles  of  fibrillae. 
The  process  has  then  reached  its  termination — the  granulation  tissue  hus 
become  scar-tissue. 

In  open  wounds  of  the  skin,  when  infection  does  not  disturb  the 
course  of  healing,  the  formation  of  granulation  tissue  lasts  until  the 
wound  is  again  covered  with  epithelium.  The  regeneration  of  the  latter 
proceeds  from  the  edges,  the  epithelium  gradually  pushing  itself  over  the 
granulations.  With  the  formation  of  connective  tissue  the  reproductive 
processes  essentially  terminate,  but  transformation  processes  continue  in 
the  cicatricial  tissue  for  some  length  of  time.  Shortly  after  its  formation 
the  cicatrix  is  rich  in  blood  and  appears  red ;  later  it  loses  a  portion  of 
its  vessels  through  their  obliteration,  becomes  pale,  and  contracts  to  a 
volume  much  less  than  the  original.  Large  scars  of  the  skin  show  per- 
manently a  smooth  surface,  since  the  papillary  bodies  are  not  again 
formed  or  only  imperfectly  (Fig.  223,  e).  The  tissue  of  the  scar  remains 
for  several  months  abnormally  rich  in  cells,  but  in  the  course  of  time 
becomes  poorer  in  c^lls  and  harder,  and  comes  to  contain  elastic  fibres. 

When  the  healing  of  a  wound  occurs  in  such  a  manner  that  the  tissue- 
defect  is  closed  by  the  formation  of  a  granulation  tissue  visible  to  the 
naked  eye,  the  process  is  designated  repair  by  second  intention  {per  secun- 
dam  intentionem). 

The  healing  of  incised  wounds  of  the  skin,  whose  edges,  united  by 
sutures,  grow  together  by  first  intention,  takes  place  in  essentially  the  same 
manner  as  the  healing  of  an  open  wound  by  second  intention ;  but  the 
processes  of  inflammation,  proliferation,  and  new-formation  of  tissue  are 
less  prominent,  partly  because  they  take  place  below  the  skin,  and  partly 
because  they  are  of  much  less  extent  and  intensity. 

The  result  of  such  a  cut  is  always  a  more  or  less  abundant  exudation 
on  the  edges  of  the  wound,  forming  a  coagulated  mass  often  contain- 
ing blood  (Fi<x.  222,  c),  which  glues  together  the  opposing  wound-sur- 
faces. Very  soon  there  arises  an  inflammatory  infiltration  of  the  edges 
of  the  wound,  which  varies  greatly  in  diff'erent  cases,  and  when  the  course 
of  repair  is  aseptic  never  reaches  any  significant  degree  (g,  h),  attaining 
its  maximum  in  from  two  to  four  days,  diminishing  from  the  fifth  to  the 
seventh  day,  and  completely  disappearing  at  or  soon  after  the  end  of 
the  second  week.  The  inflammatory  infiltmtion  is  usually  greater  in  the 
neighborhood  of  the  wound-sutures  than  at  the  edge.s  of  the  wound. 

As  early  as  the  second  day  regenerative  processes  of  proliferation 
begin  in  the  connective  tissue  and  in  the  vessels,  and  lead,  in  the  course 
of  several  days,  to  the  formation  of  an  embryonic  tissue,  which  lies  partly 
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in  the  Bpaee^s  of  the  conjieetive  tissue  nt  the  edges  of  the  wyiiiid  (Fig. 
222,  /),  and  partly  extending  into  the  open  space  of  the  wimnd  itself  (i); 
aad  here  graduiiUy  grows  into  the  coaguhim  which  is  p reseat  and  replaces 
it.  This  tissue  is  usually  present  in  varying  qoantity  in  ditferent  parts 
of  the  wound  (Fig.  222),  and  may  be  entirely  absent  in  places.  After  a 
certain  number  of  days,  the  time  varying  accoixling  to  the  size  of  the 
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Flo,  222. "Hwillnif  of  InrlUM^  wounci  of  slrln  iinltjpd  hyuutum*  ('Flpmrninir'a  st»lution,  safrsninv.  Pft*p»r- 
iitfon  miidp  on  th«  sixth  duy.  n,  r,pldemji*i:  Ik  tv»r1nni ;  c.  ItbdnnuH  t^xmlak',  in  p«rt  tni-rnorrhiurlo  ;  rf. 
newly  furait**^!  f [jKiertnifi,  otintaiBinp  nuriien>Ui4  dliiKli'n-tlpurt*^,  mid  wHli  pluijs  of  miUhejiuiB  eii^-ndinff 
tmo  the  untl.  riyinj:  +'jtuclait' ;  f.  dl  visit  in-0*rtm^  tu  Hpjthdiuni  iil  u  dlstJimv  fruri]  iFie  rut:  /,  pn>l  iff  rating 
t!mfjrvonir  Ltjwup,  developinff  from  tbe  t'oniiwtiv*M(»si]i'  s]:Jiit'^<\H,  iirul  (iiiiLuiiiJrtRri'lts  witli  iJU<'it*Hr  dlvlitjon- 
rtgtirt%,  mid  In  nart  alwj  vesseH  wUh  proUfenittnff  wulls;  g,  prtjllfi^mljiij?  i?iiibr>onic  ifwue  with  Jeutvicyt**: 
h,  ffw'us  nf  leucoryt*^  In  d^'pt^t  antrle  of  wound ;  1  tlbrttblHut*  lying  within  the  exudatf»,  one  ihowlnir  a 
Duelfjur  dMwIuo-llKun^ ;  k,  s«'bace<«i*-glnnd  ;  ?,  sweat-j^lond.    x  TtX 


wound,  the  thiekness  of  the  exudate  between  tlie  edges  of  the  wound,  and 
the  iiit<*nsity  of  the  prolifenitiini,  the  masses  of  embryonit"  tissue  growing 
from  tlie  edges  of  the  wonnd  blend  together,  and  there  follows  the  forma- 
tion of  young  connective  tissue,  which  joins  the  edges  of  the  wound  to- 
gether, and  at  the  sjirne  tinu^  exteuds  also  into  the  old  tissue,  so  that  the 
boundary  between  the  old  and  the  new  tissue  Liecomcs  ifidistinct. 

While  connective  tissue  is  l>Ring  formed  in  the  deeper  parts  of  tlie 
wound,  the  epithelial  covering  on  the  surface  is  also  being  regenerated 
(Fig,  222),  and  ind*^d  in  this  manner,  that  the  epithelium  pushers  over 
the  wound -surface,  and  through  a  cnntinuous  cell -division  (d,  e)  forms 
an  epithelial  tiovering  consistiug  of  many  layers.     The  epithelium  may 
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wei'kjsor  even  nHHitlis,  slii^lit  tn  iflmroiif  ijriiHfVniHfimiHfl  inflaTiirii:di<i»is. 
It)  geiKTcil,  lie»\vevri%  tnuislVuniatioii  prat'es-s^'S  fjrsnUiuJly  (HTiir  jti  tho 
bhiucliitii:  R^!U\  sn  tliat  its  tissues  (»ome  to  apiiroiK-li  iimhi*  elos^^ly  ti>  tlu* 
iitirnuiK  antl  tiinill\'  tlio  plarenf  llu*  imisiun  oiii  im  Imi^pr  iH'oiisily  rw- 
ofjiHzcHt  ir  (lie  vvMitiiil  lirsils  l>vti»r*  iiit<*nnisitioii  c»t'  iilHiuduiit  <MulM\v<>inc 
tiHMur,  UuHV  imiy  ornir  a  <irf»'i"t  of  tliv  piipillary  bodies  (Fig.  22;i,  r),  so 
(hut  tho  snir  mnaiiis  siiiuolh, 

g  l^T.  When  lliereis  fiaind  upi>n  the  siirfa<MM>f  an  inflamed  serous 
membrane  (I'ijj;.  2L'4,  if)  aa  adherent  layer  of  fibrin  (h),  then*  iisiially 
develoiupiitkly  IvenraHi  it  ^granulation -formations.  Th**  earliest  Im^^'jH' 
niii^  of  these  can  be  S4hmi  as  sunn  as  the  foarth  day  aftrr  the  I'nr  luaticin 
of  the  tibri anus  dt^[i<isit,  and  they  eiajiiist  at  timt  of  the  ap|jeaninee  of 
j^krMnntH  (  /')  autl  jKilylihists  iu  the  deepest  layers  of  the  fihriiioiis  mem- 
l»nuie.  These*  iirisi*  lhroii;:h  the  itrnlfrenititm  id'  Ihe  e<iiiueetivr  tissue 
ei'lls  of  the  atfeeled  stMous  uteiuluain',  and  uancler  h*  the  sujlaee,  and 
into  the  tibrin.      In  assoeiation  wilii  this  jihejiomeijt>n  there  foUows  very 
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FMi.  2M.-V\hrin  dt^f^mU  iimi  »>psrliinlnfir  fonnAltt.n  of  firmiutMlon 
(l>.Hiif  In  a  fltirttiitus  iPfTlranlJllMi  Wvt*  iIhys  oUI  (MQIier^st  Duid,  tioruiii- 
loxvtiii),     rT,  E|iU'H('rlJym*    h,  Mbrln-iriernhmtH' I   c.  dUat**cI.  ^fmiwaUni 

i'llB  utid  t'lMti?:  f.  t1bro]i|u>L!t  wltliln  the  deVHhsit.      >:  IS^K 


iiintHi -^'i^ss^'ls,  aiul  in  tin:  rtmrse  of  days  or 

wveks  there  is  developed  n\H)n  the  *snrface  a  ViLseular  einbryoliic  tissue  or 

KriinuhaicHi  tissue,  wliii-li,  wUeji  the  overl^iuij  fibrin  layer  is  very  eoni 

|KteU   litis  this  ii[)  in 

toto  (Fi^.   225,   h,  e) ; 

or  jM^uet rates  into  the 

intej'siiees  of    the    ii- 

t^'i  Mini  ijihriine  (  Fi^s. 

224.   /:    22<s     K     ''). 

and  in  the  eniirsi*  «>t" 

tirnt*    rt*phiees   tlip   li- 

Ivrin.     Kenuiiiis  oi'  the 

tihrin     ( Fit,^     22(>,  r) 

tnay,   however,  offeti 

persist     for    a     Jon;:r 

t  i  nM\     w  ee  k  s     o  r 

niointis,      within    the 

granulation  tissue. 
Inthefrnnratioij  of 

the^^ianulatiiin  tissue 

and  l:l»e  de\ehipuient 

of    sear  tisstu^     1  he 

epilrhelinni   (ernhitlie- 

linni)  of  the  serous  nieuihranes  takes  iio  part,  siuee  it  prodiu*es  no  filu-o- 

hlasts.     Oil  the  oilier  hmiih  the  prodnets  of  the  intlanunatiuy  prolifem- 

tiou  lieeonu^  coveix*d  later  with  epithelium* 

The  (inal  result  of  the  proeess  is  the  ftu'iiiatiuii  of  C4)nnective  tissue, 

wMeh  leads  eitlier  to  a  (idvkenmff  of  the  serosa  whieh  hail  heeu  eovered 

witii  fibrin,  or  to  ati  adhf- 
nion  of  (he  oppthshtf/  aitrfticrH 
of  fhe,st'roHM  tiff'mhnntf\  so 
that  the  inthiunnatioii  may 
Im?  designated  as  afJhsirr. 
Tlie  result  iu  individiuil 
ejLsesdepe:nls  ]Kii1Iy  upon 
the  aiUfnint  *rf  the  litirin 
deiHisit  and  i tartly  njxm 
the  situulioiiof  the  iitleet- 
ed  oij^uu,  and  itseondition 
d  n  1  i  ng  t  h  ( *  p  r <  ><  ■*  ^ss  <  > f  heal 
iiiji. 

Snndl  deposits  of 
fibrin,  liniite<l  to  one  sur- 
fnvi*  of  the  serous  ineni- 
brane,  lend  only  tc^  thiek- 
eni  u;;:s  of  1 1 le  s  e  r  o  s  a . 
which  J>eeomin^  l»ale  with 
the  obliteration  oftla*  ves* 
sets,  are  represeuteil  tin  al- 
ly by  white  thiekenttigs 
fj'efjueutty  designated  as 
tendinous    spots.       The 

firm  glueinjr  f*>JIfther  of  two  serous  layers  by  an  abnodaut  deposit  of  fibrin 

leads  also  to  a  iirni  adhesion  <if  the  same  thronj^h  the  abundant  forma- 
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Tm>  ^Ti.— f)<'V*  jopmcnt^  of  oTivnoliitlon  ttssuf  In  Oip  pl*»ura.  In 
hitiiirhopiieiiinonkiind  pl^iirltts  (if  fnttrteim  fUiys'  ilumMrtti  (iik"*- 

culiir  ]f fETiulu Lion  tlH.*! tin:  r,  l]}>rJTk ;  fl,  pus-^-rji-pitfUie!*,  and  wrim- 
iilfi*  nf  preiiplnneiil  ntluiuiliK      •    liKL 
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FjtL  tS>{,— ForrriaMon  nf  (T^rariiilarlnn  tissue  In  tin*  ftbiitusiiiA 
dt^pottltH  uf  a  iwrli'JirdlUfl  8<'v*mil  wt>»ks  old  tMulltM'"'i  Uiilil, 
lueinAtoiylia.  lmwIih.  a,  Epliiirdluiii :  b^  dr^ix^H  <m  tlw  epl- 
mnllum.  conBlBtlng  of  irnmulaikin  lUwue  (ffh  juicl  nbrln  (c>« 
<  40. 


tioii  of  coiHieetive  tissue.  In 
the  t'listi  uf  a  smaller  uiiiouut 
of  libiin,  anrl  repeated  rub- 
bing of  the  luenibraiies  iipoii 
eiif'h  otbf4\  liiere  d('\'eli>p 
¥^?'^fPf!Stj  oul}"  l<*ost>  memhninoHH  or 
gjXjJi^*^  ,v/r//////y  iuJhemjHH,  \vhi(*li  still 
permit  the  s<^roiis  snrfaees 
to  move  upon  cue  anutbe!'. 
Very  litrge  amounts  of  fihrhh 
may  also,  under  eertain  eftn- 
ditioHs,  in  pait  permanently 
resist  absorption^  so  that 
tlieyrenmin  lying  within  the 
newly  foriiied  eon  net*  live 
tissue,  and  then  nsiiaily  l>e- 

Coagylated  exudates  in 

the  huigs  nniy  tpiiekly  be- 
come li  que  tied  auil  idmutimly 
but  it  also  ha[)i>eus  that 
their  lenioval  nniy  be  asso- 
ciated with  a  coHueetive- 
t  issue  proli  feral  ion,  whi<'h 
leads  to  an  imhfnttion  of  the 
JuHf/.  The  ]  noli  fe  nit  ion  ]U0' 
ceediu*^  fttnu  the  huig  tissue 
leads  ei titer  to  a  thiekeniug 

of  the  septa  (Fig*  227,  a,  b)  or  extends  into  the  exudate  lying  in  the 

alveoli,  in  the  form  r>f  au  embryonic  tissue  (*/,  e),  which  later  comes  to 

contain  newly  formed  blo<»d- 

veHsels  (;/), 

flashes  of  coa^uKa  with- 
in blood-vessels,  whirli  are  ^^^ 

ealliMl  thrombi,  give  risr»  in  J^^^"^^    T^^S 

cas*.*  1 1 II  J 1 1  f  I  ^r  I  i  <  J 1 1  ocH "  1 1  rs,  t  o 

au    iidtannnatory  —  tluit   is, 

assoeiated  with  cell  i-migra^ 

lion  —  luidiferation    of    the 

vessel  -  wa  11,     a    proftO '  ra  f  Inff 

mjicu Ut in.     This  p ri k ess  e o i " - 

responds  exuetly  to  the  iir- 

tlanunalory  ijn>li  feral  ion  of 

the   sercuis    ujembranes.     It 

is     entirely      iui  mute  rial 

whetlier  the  lhronii>tisis  lias  ^1*^ '^^   b 

been  eausrd  by  a  piiN-etliug       /v  ^  ^'^:^  ■ 

iutiammatory  pro<'ess  or  t*y 

any  other  eouditi*ins.   imis-  /^v 

much  as  the  presen<'r  of  tlie 

mass  of  cnagnlnm  is  snfli 

eient  to  canst*  inttiinnuution 

and  tissue  proli  fe  rat  »<m. 
The    lirst   change    inlro* 
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Ficj.  227.  —  IntTTis*'{vtttI  ami  jnr  formation  of  pon- 

ne^'ilve  tb-suf  til  Uw  lnti(f  uit<H»tu4,  Iju uuiUxyMnf.  ^i.  Thick. 
♦*ruil  illiriMH'Hiiliir  alvnolar  spptiiin.  in  puit  ]naitmt«<l  with 
round  reltK  */0:  f*  flbriiHH-Hlliiliir  HXiitliiff  In  tlie  alvHoU; 
W,  intm-tiivticilur  fonmUlve  wits;  t,  strand  of  xpindie-cett 
fltjfi'tbliuLft ;  t/«  ititnimlvi^ilar  newly  fonjied  bltHKl-veaaL 
X  2UI. 
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imperfect  substitution  and  liquefaction  of  the  part  not  substituted,  there 
arise  strands  and  threads  of  connective  tissue,  which  cross  the  lumen  of 
the  vessel.  The  calcincaiioa  of  portions  of  thrombi  not  replaced  by 
connective  tissue  leads  to  the  formation  of  vessel-stones  (arterio-  or 
l)hleboliths). 

Necrotic  tissue,  which  cannot  l>e  seqnestmted  and  discharged  exter- 
nally, is  also  replaced  by  a  vascuiar  connective  tissue,  which  becomes 
convertiKl  into  scar-tissue;  and  this  substitution  takers  place  in  the  same 
manner  as  in  the  case  of  fibrinous  exudates  and  thrombi.  The  requisite 
condition  for  this 
substitution  is  that 
the  necrotic  tissue 
shall  contain  no  snb- 
stances  (bacteria) 
which  hiiKh»r  tis- 
sue-proliferation or 
excite  sev(»n»  inflam- 
mation. In  geneml 
i(  is  immaterial  how 
the  necrosis  has  oc- 
curred, and  whether 
the  necrotic  tissue  is 
free  from  exudate 
or  is  infiltrated  with 
exudate  or  blood. 
Tin*  first  i)henoni- 
enon  leading  to 
healing  is  the  asso- 
ciation with  the  in- 
flammatory exudate, 
in  the  neighborhood 
of  the  necrosis,  of  a 
tissue -proliferation, 
which  produces 
{granulation  tis- 
sue, which  grows 
toward  the  neci*otic 
tissue  (Fig.  229,  d 

c),  dissolves  it,  and  finally  replaces  it.  If  this  process  is  not  disturlied 
by  any  influence  whatever,  even  very  large  tissue- necroses  (for  example, 
a'ha^inorrhagic  infarct  of  the  lungs)  may  in  the  course  of  weeks  and 
months  l>e  made  to  disappear  and  may  be  replaced  by  connective  tissue. 
It  may  also  happen,  however,  that  certain  tissues  resist  absorption,  or 
that  the  development  of  granuhition  tissue  stoi)s  so  early  that  remains  of 
the  necrosed  tisJtueM  persint  and  later  become  ealcified. 

When,  as  the  result  of  an  inflammation  or  ischemia  within  an  organ, 
only  tlie  more  sensitive  elements  die  — for  example,  epithelial  or  muscle 
cells — while  the  connective  tissue  remains  intact,  the  absorption  of  the 
necrotic  portions  takes  place  very  (juickly,  and  there  is  formed  within 
a  short  time  usear  or  ealluHof  connectuetiHHue  (l^ig.  230,  f),  in  whieh  the 
specific  tissue-elements  are  kicking. 

Pus  is  quickly  ahnorhed  from  small  al>scesses,  and  the  defect  cloned  />// 
granulation  and  scar  tissue,  I^arge  amounts  of  pus  may  be  absorbed  from 
th«'  body -cavities  and  from  the  lungs. 


Fi<;.  2^1).— Fibroid  area  in  heart-musole.  Section  tbrougb  a  muscle-tni- 
hecula  which  has undenrone  tlbnMd  change  (MQller's  fluid,  hspmatoxylin). 
(I.  Kndocardluin :  /),  crotis-section  of  normal  muscle-cells :  c,  hyperplastic 
connective  tissue  rich  In  cells ;  d,  atrophic  muscle-cells  in  hyperplastic 
connective  tissue;  f,  dense  connective  tissue,  poor  In  nuclei  and  contain- 
ing no  mus<'Je-cells; /.  vein.  In  whose  neighborhood  muscle-cells  are 
still  preserved ;  y,  small  bkwd-vetssels ;  /i, small-eel le« I  iiinitratlon.     X  40. 
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Abscesses  cause  in  their  neighborhood  a  proliferation  of  s^ranulation 
tissue  which  leads  to  the  formation  of  an  abscess-membrane.  The 
abscess-cavity  may  become  obliterated  through  the  absorption  of  the  pus 
and  the  growing  together  of  the  granulation -membrane  covering  the  walls 
of  the  cavity ;  the  abscess  finally  heals  and  leaves  a  scar.  Incomplete 
absorption  may  lead  to  thickening  of  the  pus  and  later  a  calcification  of 
the  remdue.  If  the  pus  does  not  become  inspissated,  the  abscess  may 
persist  and  in  the  course  of  time  may  be  increased  in  size  by  secretion 
from  its  walls. 

Empyemafa  may  heal  in  a  similar  manner  to  abscesses  through  the 
absorption  of  pus.  At  the  time  of  absorption  the  tissues  enclosing  the 
pus  produce  jfranuiation-  and  scar-tissue,  which  may  reach  a  consider- 
able size  when  the  process  of  absorption  takes  a  long  time  (Fig.  232). 
When  incompletely  absorbed,  calcification  of  the  thickened  pvis  way  occur. 

Foreij^n  bodies,  so  far  as  they  are  absorbable  and  exert  no  specific 
influence  upon  their  surroundings,  are  likewise  dissolved,  and  replaced  by 
connective  tissue  in  the  same  way  as  are  tissue-necroses  or  fibrin  masses. 
If  they  possess  accessible  interstices,  these  may  be  penetrated  by 
granulation  tissue.  If  their  mass  cannot  be  absorbed,  they  become 
encapsulated. 
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IV.  Chronic  Inflammations. 

§  98.  luflamiiiatiou  is,  according  to  its  nature,  an  acute  process,  but 
various  conditions  may  cause  the  phenomena  of  tissue-degeneration  and 

exudation  to  persist  for  a  longer 
time,  and  the  intlammation  be- 
comes chronic. 

The  causes  of  chronic  in- 
flammations may  be  found,  in 
the  first  phice,  in  the  fact  that 
in  the  course  of  an  acute  inflam- 
mation there  occur  changes  which 
prevent  a  rapid  healing.  In  this 
sense,  as  may  be  deduced  from 
the  foregoing,  act  all  large  tis- 
sue defects  and  tissue  necroses, 
as  well  as  large  masses  of  exu- 
date which  are  with  difficulty 
absorbable.  When  necrotic 
mjisses  of  tissue  are  not  com- 
pletely absorbable,  as  in  the  Ciise 
of  large  pieces  of  bone,  they 
may  indeed  become  se([uestrat- 
ed,  but  ])ersist  as  sequestni  for 
years  (Fig.  231,  a),  and  keep  up 
a  constant  inflammation.  Fol- 
lowing the  production  of  a  large, 
sui)erlicial  defect  of  the  skin  as 
a  result  of  a  burn,  there  devel- 
ops a  gninulation  tissue,  but 
months  may  pass  U^fore  tlu* 
wound  surface  is  covered  over 
with  epithelium  from  the  edges 
and  the  process  then*bv  brought 

Fio.  23L  — NecroBte  of  fifteen  years'  duration  in  the  ,      ' 

]ow«r  pan  of  the  dlapliysls  of  the  femur,    a,  Seuuej*-       lO  a  ClOSe. 

mlcohollc  preparation).    Reduced  om-third.  ^    lunuei    i^ui««   oi    i  iimmiu 


TNFLAMMATIOX. 


iiitlaiuiJiiitiini  is  foinid   in  i'otinUtttfii/   repeated  injuti/  hy  external  infuences. 

Fur  t'xiiiiiple,   I  he  fn^juently 

ivjieated    iiiluiiution    uf   du8t 

iniiy  c*aiis<_*  rhrouie  uillaiiHiiu- 

ium  iif  tlie  luujLjs;     ivpraU-d 

rubhin*^    <»f    ihv    skin     iimy 

cause  ji  dironie  iiiiiamniiiliuii 

iii  the   part  anVrletj;    pathii- 

lc»ji:ir:il      alte nil  ions      of      the 

stuiJiarli    tMJiti'jils   iitay    caase 

eh  I  unit'   iullainnialiuu    of   Ihe 

st^iinaeli,      lu    the   eaiiais    of 

the  IkhIv  in  which  convrf'tiOftJi 

may     Itnuj,     tlie   latter  may 

^ive    rise     \n    lasiin^^''    tissue- 

lesiiiMs. 

Wlien  tltere  exist  in  a  lis 
sue  iitfjurorahlf  fitftrtltn'  con- 
tiiiiotm — i.e.,  mai'ked  eiiu^^es- 
tic»n— Ihest^  may  enat>Ie  sli^lil 
external  iulliiences,  that  under 
munial  eunditiinis  either  pnt 
dnee  no  inllanin»ation  at  all 
or  one  sotm  suhsiiliiifr,  to  s*^ 
up  uli-erutive  pr«»eesses  show- 
inj^  jn»  lemleney  1o  heal.  In 
thiis  iuainiei%  for  example, 
elu'onie.  ideers  of  the  Il%  may 
arisi^. 

A  wry  fretpjeut  eau.se  of 
ehrojiie  iutlammation  is  fur- 
nished by  iuff'rtiottrs,  particu- 
larly those  eaust-d  hy  /mcirriit  _^^^^^^_ 
autL  mtmiih,  wLieh  midtiply  in  lE^^^^^HK// 
tlie  iNidy  and  thus  constantly  ^^^^^^p^«' 
^nve  rise  tu  uew  itdianjunitory 
irritali«»n.  Tlie  inilanniiat  ions 
wldcii  rhey  caus<*  are  distiu- 
guished  frtmi  others  chieily 
l»y  the  I'aet  that  they  lead  to 
eonuective  -  tissue  juolifera- 
t  ions  ( hi/fTthux  ffnt  n  ti  Itttion 
tumnra),  and  that  they  usually 
show  a  prtft/rfsmre  Htitrttttfr, 
and  form  mi»l astasias  thi'ou;4:h 
the  lymph-  antl  lih>od  vessels. 

1*"  i  n  a  1 1  \  ,  *'h  1 1 tu  ir  t  u  ffwif  tr  - 
tfouH  form  a  last  eause.  Thesi* 
atlccl  ehieliy  the  kidneys  and 
the  liver,  and  may  l>e  at- 
triliuted  either  to  the  eon- 
tiuued  iuh'oduetioii  into  the 
oi'^anisni  Ilir(»uj4:li  the  pisfro- 
iiitestinal  trat^t,  lirn^js,  luskin 
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Fio.  :i;Ki,  (Daiiffc^s  In  the  pleura  anil  limw'  aft  or  a  pura- 
If^rit  pleurltls  liuinim  P*l)t  tijcuiths  <ii|rtih<»l,  ftrct-inj.  d, 
TblikeniHl  lung  Ussue  witli  f^lniKMIkf*  tthenll,  aixl  eliMiUc  j 
ribn^  In  tlu^  iifwiy  funne'l  <-«imi»^'lkVH  llftstui;  h,  Uik'b- 
i/ni*d  p]rura;r,  iii'Wfiy  fomn^il  t^onnt-i'Uvi^  Uitjtui*  without' 
i*ltt«llf  niirt^;  fjT,  jviiiiiuhiUiHi  tlssm*  t'MVrrtnJ  with  |uih;  f, 
HltwTlr  ifiiiiiluj?  meiiihniue  tif  tbe  pleum:  f»  eliistio  nbm. 
<  4tt. 
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FlQ.  333.— &iM*ticiti  of  a  stonecutter's  Iwn  I?  with  flbmld  nf><!- 
uk»  <jiU'i*ii«>l,  i»J«M^n'<iriiilii*').  a,  1 1  roup  <tf  nbn>(iJ  tKwJuN's; 
£>.  ii«)rmiit  liiii(7  tK^ue;  i-.  UiU  keneU  Um>;tli^u«) still L^ontalriliig 
brtim  111.  vcNSfl;*,  uiul  ii  few  alvtH>ll.     a  i*. 


of  substaiie»^s  iKirnifiil  tt>  the  org:anH  direetly  CHuei'rnrd  or  fo  others; 
iiv  iujiiiiniis  siibstuiiees  luay  lie  produced  within  lh(»  hndy  ilself,  thrtintj^h 
cli**tiirhai»ees  id'  the  prw^e.sises  of  metuholLsm,  thus  ^ivin^  rise*  h>  u  Htrofflr 
(fHtointtuicftfifftL 

The  forms  of  chronic  inflammation  are  de  tern  lined  partly  l>y  llieir 
fuudanieutal  eanses.  jiarlly  In  Un-  <^liiiraeter  ut  i\\v  nt\W]vd  tissnr. 

<'!iriinie    iidlannnaliMii:;    eliarsicterized     esprtaidly    Ity    hyperplastic 
formations   of   connective   tissue    uiv    found    espeiialiy    in    the    ser 

ous  iuejnt>i'anes,  luugs,  aud 
skin,  but  may  oecnr  also  in 
ot  1 H* r  t i ssiies.  C*  h  r  o  1 1  i  c 
pleuritis,  eaused  by  exu- 
dates which  are  with  difti- 
cnhy  a  h  8  n  I*  U  a  b  1  e,  or  hy 
ehronti*  infeetions,  lead  to 
e X t r n s i ^  e  sa irl /A>?  fh irken im/H 
o/thf*  ph'tftti  (  Fi^.  232,  h,  c), 
the  new  I'orination  of  (issue 
oceuniii^  iii  part  upon  the 
pleura  ( r )  aud  in  part  with- 
in it  (// }.  3Ioieover,  imiu- 
raffon  (*/  flir  hauj  {a)  may 
t\dh)w  vai'ious  infvvtHnm  in- 
if  a  m  m  at  io  »  s ,  or  may  be 
eansed  hy  the  eonlirnied  in- 
futhttioit  iitf  nttme  dttnt^  in  the 
latter  eatse  being  ehanwter' 
VAvil  hy  the  ton  nation  of 
(ibn>id  notJules  (Pig.  -.H:i,  a),  in  part  also  l>y  dilfnse  indnratirni  (*?). 
CVmtinued  irritati*ni  in  I  lie  neigld>orhoejd  of  the  mitiet^s  of  the  urogenUal 
upliaratus,  a<  thrfuigh  Ihe  tiiseharge  of  irritating  secretions  (elirunie 
gonorrhtea),  leads  fr*'<|iu*nny  tti  the  formation  of  puiiited  rondfffomttiu 
irotftlifioniftfa  *trnmhNtftt)^Le,,  to  a  hyperplasia  uf  the  papillse  and  eTiilln^ 
lima,  in  wliicli  tin*  intlanie<l 
and  inhltrab*d  papilla*  grow 
out  with  iUi'ir  vessi-ls  (Fig* 
2:U,  ii,  h)  and  f^Mjuently  di- 
vide iiitt*  branches, 

Fretpieidly  repeated  or 
etuitinned  slight  inflamnia 
lions  of  the  skin  and  sid*- 
cutaneous  tissue,  due  to  me- 
ehaniml  lesions,  panusites,  or 
any  other  continuerl  irrita- 
tion, may  als(».  if  tliry  rpach 
a  <»iinsiderable  e\b*nt,  give 
rise  to  a  ditTust*  hypi*rplasia 
of  eonn^'rtive  tissue,  wliich  is 
known  lus  ch-phnnikmiH, 

1  u  lla  ni  mat  ory       pn  d  i  fe  ra- 
tions id*   the   i>eriosteuni  aud 

Ixwie- marrow,  which  give  rise  to  jMifJiofof/ifHtf  ueiv-fonnQihrm  of  bone  or 
a  hyjH'rosttmH  ( Fig»  2'>5).  may  Ik*  caust^l  hotii  by  uonspeeifie  irritations — 
for  example,  by  inttaminations  which  run  their  eoin-Sf  in  the  mngidMU' 
bond  of  chronic  ulcei"s — as  well  an  hy  specific  in fert it ius — for  example, 
Ry|)hilis  or  tulw»rculosis» 


v'*^-  -^vw 


Fir*.  2)4.— 4'MT)ilvittmu  Q<^umtnarum  Unjc^'tcid  pfiepftmUon)* 
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Chronic  catarrhs  of  tlio  luiieoiis  iiteiiibniiies  aiv  soinetiines  caused  by 
spH'ifif  uilVctioii  (gtmurrlniMi,  tiiben^ulcMisj,  sfiiiietiiiie.s  by  noii-spt*ritie 
injuries  (I'oiit^rt^tioiis,  p;itholo^ie4il  i*hiiiif?es  iu  tlit?  gsii^tric  or  iiitestiiiul 
cotj teats),  and  N>metimes  liy  eontimuHl  distuHmn€i\s  of  cirenlatioii  {eiyn- 
gei?!tion). 

Chronic  abscesses  arine  usually  fr*»iu  acute  al^s^'esse.s  and  h;ivo  the 
Siiuie  etiolu;ry  lis  Ilit*  latter;  but  juay  alwi  devebip  luore  gradually  dvA  Jire 
then  eaus*^d  l\y  speeiid  inleetiuns,  most  fre- 
quently tul^ereuiosis  auil  aetinoniyei»sis.  They 
are  usiuUIy  limitt^l  exlerually  by  a  ecuiuee- 
live- tissue  membi-ane  covered  with  granula- 
tion tissue,  and  may  iuereas*3  in  8i/e  pailly 
tlirouf^h  tlie  fv-(*reti*ni  of  pus  fmm  tJie  ab- 
scesS'Wall.  and  partly  Ibrough  the  deslnietiou 
of  the  wall  and  tlNMieit^hboriag  tissue.  I'ro- 
gressive  enlargeuient  toward  the  divp  lying 
parts  leads  to  the  foriuatiun  of  burrowing  or 
congestive  abscesses.  Their  inerease  in  size 
is  always  to  be  ;is<'rilM*d  to  tlie  iH^i-sistenc^e  of 
the  infeetioii.  Perforation  into  neighboring 
tissueK  leads  accordingly,  also,  to  new  infect- 
ive intlanimatious. 

The  tulM^rcuIous  and  aetinoDiyeotic  forms 
of  chnniie  abscetisen  ai'e  distinguishetl  from 
other  forms  partly  by  the  si>ecitic  characteris- 
tics of  the  pus  and  partly  by  the  peculiai* 
structure  of  the  abscess  ineiahraiie  (s(*e  Tuljer- 
culosis  aud  Actiutjniycosis,  (Ijajiter  X.)- 

Chronlc  ulcers  are  eaus(*d  ehietly  by  spe- 
cific infeetiivns  (lul>t*reulosiSj  sypliilis,  ghiud- 
ers),  but  mm  specific  injurious  agents  may 
lead  to  chronic  ulcerative  pr«K'ess4^s  in  tissues 
wliich  are  esj>eciany  susceptible  to  such 
elianges.  Thus  chrnuie  cfuigestion  iu  the 
vessels  of  the  h^g  may  have  such  an  elTect 
that  uleen^'^  21  rising  through  any  nn'cliauical 
inllnenee  may  be  prevented  tYruu  tiealing  un- 
der the  urnisual  eouditious  in  which  the  leg 
finds  its4*lf.  Likewise  i»eeuliar  qicabties  of 
the  stomach  contents  may  hinder  the  healing 
of  an  ulcer  of  tlie  stomach.  If  Inhaling  be- 
gins at  one  edge  of  an  uletc  while  the  ub.*era- 
tion  advances  at  other  inirls,  there  aris«\s11ie 
IVu'in  of  uher  known  as  >tf'r]m;inous.  Tin:  ex- 
cessive development  of  gnundatiim  ti^sne  iu 
an  ulcer  le:uls  tu  the  ju-odneliou  of  an   itint^ 

deraitim  htfjtertrophkum  ;  a  dense.  euUous,  lardat^^ons  thickening  of  the 
etlge  and  base*  give.]  rise  to  the  form  known  as  vlcm  calif mim,  or  imiolcm, 
fir  affittirftm. 

Chronic  proliferations  of  granulation  tissue — i.e.,  f/ranuhttktm  trhwh 
prrsfst  (jH  mrh  Uh-  a  hniger  or  slunlertime  without  l>ecruuing changed  into 
ernmective  tissue — (K*cur  chiefly  in  varieus  specific  infections,  the  l>est 
known  In-ing  tuhnTttfotim,  .stipinJiM,  ftprtmf,  t/iander^,  vkifiOffrlerou}4t,  and 
adimtmt/eoftiit.     8inee   the  granulations   in   theses   infections   often    form 
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fiuii^oid  proliferaiious  untl  tuiiiorliki^  foriiiaticjDs,  they  are  n(Um  also 
lulled  fung^ous  granulations  ijtcaro  luxurians  and  infectious  granula- 
tion tumors  oi-  granulomata.  Ail  these  show  certain  |)eeuliuritiefi 
whicii  enable  us  to  reeoguize,  li ujh  the  structui^e,  origin,  and  life-history 
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Fmj.  238.— Section  thnnurh  the  mMOowi  of  an  wtmphle  Uinro  tnVfvUnt*  (aU-olMtl.  iilum-c.iinntn<'L    tu  (ilnti* 

of  the  gramilatii»ii-formatioii,  also  its  spfM-ific  etic>h»gy  ( st***  Chiipler  X.). 
It  shoidd  W  iioleri,  linweAer,  lliat  the  etiology  of  some  (»f  tin*  giauuh*- 
laata  de\eln|tiiig  in  the  skin  is  still  iinkiiowii. 

Chronic  infiammations  in  whieh  atrophy  of  the  specific  tissue  is 
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Fro.  317.— Inrltimtlon  anrt  atmphv  of  the  r**nRl  11«*iie  In  r-hmnlr  nr^ptirltfH  (nN'nbol.  nUim-^nnnlnp),  a, 
Tbieki'DPcl  and  fibrous  rapwule  <*t  B*y\\'Uiin\\;  t>,  mTinul  irlintnTiWur  vi'-H^wh;  r,  >;Uiiti*Tul»<*  wh">»^  viuw^ulmr 
Uiiirs  art^  in  part  iinjM»nfM'ar>le  and  hnmn>:t'nti>iJs,  ivnd  Ehr-  ♦*r'ttht"Ha«ii  for  tin*  jfrtMiii-r  imrt  lust:  d,  c*un- 
pk'U*ly  4>htllt4*nitt>^1  phnruTuIiH;  »\  liutimirHrKHHis  raajsHCfl  uf  iMmiruJatitin,  )irt?*lritr  rri.«ti  t-xudail^Mirnl  dH«iiia- 
innlt^i  epillh'Uutii.  and  >tiid'l**rl  wirli  iimi*d;  A  desquanmt*^  plomtrulur  epithelium;  (/,  ra|»sular  t>pithi^ 
hum:  K  cuUhtim^I  urltmry  tubuk'  witli  atrophic  (»plt!i«<hum ;  i»  crdlafi«ie<l  tuhnle  vvHbuut  t'pUbellura;  fr* 
lriTX"'rplAi<tte  f^nn«^'tiv**^tl»4m*  t^tmmu;  ^  iHfhuiiir  fcrl;  in^  nonoal, si:>ii]iewhat  dUat4?d  tubules;  rt,  alTorfnt 
\f9»i ;  f»,  vein,     >:  J*Vt. 

fkssociated  with  hyperplasia  of  the  connective  tissue,  o<»cnr  particularly 
in  the  mucous  membra ae  of  llie  gastro- latest iual  tract,  uiui  in  the  kid- 
neys and  liver* 
24 
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Ill  the  intestinal  canal  tlie  cause  imiy  lie  in  si>ecific  (dysentery)  as 
well  ;ls  in  iioii-siK»cifit.^  irritalioiKS;  the  hitter  being  d<*iH^ndent  iip<ni  stnue 
iibuar  mal  jjropeily  of  the  eiiiilents  of  tlie  caiiaL  The  eiJitheliat  elements 
may  undergo  necrosis  in  assoeiatioii  ^  ith  pemstent  destpiamation,  the 
eiinneetive  tissne  heiii*^  unaiFeeted;  <jr  thry  may  neerost^  and  disiutegnite 
at  the  same  time  w'nh  tlie  eoinieetiA  e  tissue  upon  whieh  they  rest.  Tlie 
Jinal  resiiH  is  a  inmons  ineinhraae  (Fi^.  TMl)  uhieh  eilh**r  enutains  no 
glands  {f)  iiv  only  indhnenlary  ones  (tt). 

In  Ihe  liver  and  kidneys  the  ehn*jue  Jntlanunations  whidi  lead  to 
atn>i>h\  and  iiiihiration,  and  wht»se  final  results  are  known  as  cirrhosis 
of  the  liver  and  indurated  contracted  Itidney,  are  Inematogenons  dis- 
ea.ses,  in  8o  far  as  tiiey  do  not  drpemi  np^m  disUirbanees  in  tlie  elTereiit 
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no.  83H,— Cnonwtlvt'-tisHimhyfwnMsmla  anrl  pmllforatfnn  i>f  blltMtu(»ts  \n  chronic  bcmtltb  (nlroboU 
bflBOiAiuxytJrii.  ii.<},,  Llvcr-l«^hijt"s;  It,  Uy[***r\ilii*Uf  i>^ript*ria\  <*nnn«ctlve  tissue-  r,  rtkJ  blliMliiels :  <U 
newly  fonueij  hUfMliMns;  c,  fiKlof  aiiiiilUvlli*4  jiiUlimLjtm.     ■  r>'». 


passajj^es  i  oVistriietion,  infiammation  of  pidvis  of  kidney,  formation  of 
Cinierelions),  ami  are  eansed  partly  hy  iu/fHtojai  ami  partly  hy  httiwira- 
liituf^.  Tltey  ujay  he;;in  thither*  as  aeiite  intlannnatirnis  or  mme  insidionsly, 
and  are  eharaeterized  liy  atmphy  and  defeneration  of  the  glandular  tis' 
sue  ( l^'ig.  -37,  it,  /),  hyperplasia  of  The  etiiineetive  tissue  ( I'^ig*  2:ST,  a,  k, 
and  Fig.  238,  h),  thrmigh  eelluhir  intiltrution,  formation  of  grannlatiou 
tissue  (Fig.  237,  f,  and  Fig.  2}H,  e),  through  ohlitenition  of  nld  vessels 
(Mg.  237,  r,  d),  and  through  the  fonnatiou  ot*  new  vessels.  In  the  liver 
there  oeeurs  also  very  fn^iuenily  a  fujniaftion  <d*  new  liile-duets  (Fig. 
23S,  d),  whieh,  however,  fiu'tlie  grealt^r  part  do  not  fuuetionate. 


CHAPTER  VIII. 
Tumors. 

I.  General  Considerations. 

§  99.  A  neoplasm,  or  autonomous  new-growth,  atypical  blastoma 

or  tumor  in  the  narrower  sense,  is  a  n4*w -format ion  of  imiw,  apparently 
arising  and  growing  independently^  having  an  atifpi^al  st  met  are,  inneiied 
uselessly  into  the  organism,  possessing  no  function  of  serxnee  to  the  body,  and 
showing  no  typical  termination  to  its  groicth.  The  atypical  character  of  the 
structure  of  a  tumor  is  shown  in  its  external  appearance  as  well  as  in  its 
internal  organization  in  that  a  true  tumor  departs  more  or  less  in  struct- 
ure from  that  of  a  normal  organ.  When  this  departure  is  but  slight,  the 
structure  of  the  tumor  approaches  closely  to  that  of  the  tissue-hypertro- 
phies; and  there  occur  csises  in  which  the  difference  in  structure  is  so 
little  that  it  becomes  very  difficult  to  decide  w  hether  an  excessive  new- 
growth  of  tissue  is  to  be  classed  jus  a  tumor  or  a  hypertrophy. 

Tumors  may  develop  in  any  tissue  of  the  body  which  is  ca])al)le  of 
growth,  and  arise  through  the  proliferation  of  the  tissue-cells,  iisso- 
ciated  with  a  new-formation  of  blood-vessels.  Not  infrequently  there 
occuTH^liyORn  emigration  of  leucoci/tes  and  lymphocytes  iuio  the  tumor,  and 
exudative  processes  and  inflanunatory  tissue-proliferations  may  take 
place  in  its  neighborhood,  but  these  phenomena  form  no  essential  part 
of  the  development  of  the  tumor. 

The  processes  of  cell-division  and  new-formation  of  blood-vessels  are 
the  same  as  those  described  in  §§  80  and  82 — i.e.,  the  division  of  the  cells 
takes  place  by  karyomitosis,  and  the  new  vessels  are  formed  from  buds 
given  off  by  the  proliferating  cells  of  the  walls  of  old  vessels.  The 
mitoses  are  for  the  greater  part  typical  (Fig.  2.39,  ft),  but  there  are  also 
found  relatively  often  atypical  forms,  such  as  asymmetrical  divisions, 
nuclear  figures  with  abnormally  large  chromatin  masses  (so-called  giant 
mitoses),  pluripolar  mitoses,  and  forms  of  nuclear  fragmentation,  and 
also  direct  segmentation. 

In  their  fully  developed  condition  tumors  are  for  the  greater  part  well 
defined /row  the  surrounding  tissues,  but  in  some  cases  they  may  pass  into  the 
neighboring  tissue  without  any  sharply  defined  border  of  transition.  Further, 
an  entire  organ  may  become  transformed  into  a  tumor,  or  large  poiiions  of 
tissue  not  sharply  outlined  from  their  surroundings  may  take  on  the  character 
of  a  tumor.  Through  the  disintegration  of  t  umor  tissue  there  very  fre- 
quently arise  ulcers. 

The  difference  between  the  structure  of  a  tumor  and  that  of  normal 
tissue  is  usually  recognizable  even  macroscopically,  but  there  are  also 
tumors  which  so  closely  resemble  the  parent  tissue  from  which  they  arise 
that  the  difference  can  be  made  out  only  through  a  more  careful  exami- 
nation. 

The  circumscribed  tumors  are  usually  nodular  (Figs.  240,  d  ;  242.  //.  <  ; 
243,  a).     The  size  of  the  single  nodules  varies,  according  to  the  kind  of 
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tumor  ami  Hit*  wta^^t*  of  devel(>|>meiit  at  thetiiat*  of  examination,  from  the 
smallest  visible  miliary  anii  wibmiliary  nodules  to  mass<_^H  wei^hinj^teu  to 
twenty  kilo^nim.s  or  iiiore.  W lien  .situated  npon  the  sutl'uee  of  an  organ 
nodular  tnmois  not  infrequently  take  on  tlie  form  of  a  sjionge  (Fig.  240, 
d)  or  of  a  polyp,  and  niv  ae(*ordiii;^ly  desijL;nateil/Nw//o/ff  or  poh/poid  tu- 
tiuirs,  WJieji  a  nr^w-^^rowtli  on  the  surfaee  of  a  inueons membrane  or  tbe 
skin  leads  to  an  enlar^H:*ment  and  l)ranebin|:  of  the  paiiilbe  there  present, 
or  if  new  papilhe  are  tV»nne<l,  there  arise  imr//;.  trrntnm^  ami  papilkinj 
tumors  AW  pttpilloimdu  (Fig*  '^41).  A  further  development  of  the  papillary 
strneture  may  lead  to  a  drndritie  hranehhifj  and  the  foruuttion  of  a  eanli- 
ftotrtr  mass. 

Tnmoi-s  nsnsdly  develop  from  smidl  lM*giunings;  only  rarely  do  they 
arist*  f i'(»m  ei*ntre,s  extending  diil'n.s^^'ly  throughout  an  entire  orgam     Their 


f^ 


'  C^"- 


^ 


t^ai! 


JS'.4<6j 


'©'fip^Xp 


^"^^^^^rr^-'-m'-m. 


FlO-  S3U.— TlSBOe  from  a  imrrlnoTfia  of  th*»  breajrt,  POntalninG'  numpnmiw  division -flRiirea  In  dllTer^at  pbaaes 
of  UkJlofliH  (FtemiiilfiiiLr'!)  !«>liJ[i4>n,  safniolu).    <i,  Mruiuii ;  /n  t^pttbelliil  pjuKi^.     >  vttl 


growth  nmy  be  either  rapid  *ir  slow,  and  witb  oecasional  periods  of  qui- 
ej^eenee.  Their  growth  nmy  lie  HitHjiended  for  years,  and  then  suddenly 
again  they  Ijeeonn^  netive. 

Tlie  structure  of  the  tumor  h  determined  bif  the  pareiU  fijmw  from 
tfhHi  it  ttdfH  ifji  f/r/f/Zw  ;  and  although  the  true  tumors  always  iShi>w  a  eer- 
t^iin  aii/pieat  vltttrafifr,  they  yet  retain  certain  eharaet eristics  of  the  parent 
tissue. 

Aecording  to  their  strnetiu'e  and  geneisiis  tumors  may  be  divided  into 
t  h  r(*(*  g  r  o  u  ps :  1 »  enn  ti  eetl  ret  i,sHif  e  I  n  m  o  rs  ;  2,  i  p  ifh  f!  in  f  t  if  nm  f  s ;  ft ,  t  era  tofd 
tumors  and  et^ntn.  It  shonid  be  noted,  however,  tliai  there  are  nniny  forms 
of  tumors  whieh,  aeeoixling  to  the  imint  of  view,  may  be  classed  as  lie- 
longing  to  two,  or  even  to  all  three  groups. 

The  connective-tissye  tumors  *ir  the  tumors  arising:  from  the  sup- 
porttn^-tissue  substances,  and  whi<Oi  are  often  i*Mvil  hLsloid  fit  mors,  eon- 
sisl  of  tissues  whieb  in  their  struetnre  eorn»spond  in  part  to  mature  and 
hi  pi^'t^  b*  euilnyonal  eonneetive  tissue  of  1  he  mesoderm,  and  moreover 
take  their  origin  from  uiesodermal  etmneetive  tissues.     Oidinarily  there 
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ai'e  also  inrlmlrd  iii  this  frroup  tliose  tumors  arising^  fri>ni  tlie 
speriiic  etements  tvf  Ihe  iiervims  system,  the  1,'lia-cells  iiiul  i^aii^li*»ii- 
ceils,  uiitl  also  the  must^h*4imiors,  sinct*  these  iti  their  structure 
resemble  the  counective- tissue  tumors   luuch    more   than    they   d»i   Ihe 

epithelial- 

The   di0eieiiet\s    iu 
mS^^jSV:^:^^^^^^  the   lypes  of  the  eon- 

""*^^  iieetive' tissue    tumors 

are  essiMilialiy  de|)eji- 
Ueut  upon  Iht^  eharar- 
ter  i\i  the  jj^rouud-suh' 
stauee,  aud  iu  part  idsu 
upou  the  eel  Is.  When 
tlie  tuiuoi's  ate  \i'ry 
rieh  in  et^Us  and  the 
^jMiuud '  substauet*  hut 
si  i  g  Ji  t  ly  d*'\  i^luiH'd, 
they  at^quire  a  solteou- 
sisteaey  aial  are elasst.*d 
with  the  mrromata. 
Very  soft  foruis  are 
designated  as  mnfmlftti/ 
or  futtifi  mrthidareH, 
Thruu^h  tlie  eombiiia- 
tioii  hI'  dillV^n'ut  fiirms 
o  f  eon  1  ie(  ■  t  i  \  e  tissue 
there  aris«^  viLml  lunt' 
nrvi i n-  t iMJiu  r  t  u  m  it t  s, 

Tin*  epitheliaJ  tu- 
mors are  ei  an  prised  of 
eells  derived  from  mir- 
face  epitfwHnm  wv  from  gland -eelh,  and  also  nf  ruHrnittr  vut^nertlre  titMur — 
whieh  l^»rms  a  suppoitini;  frauiework  iu  th*^  spaees  of  wliieh  thr  ei^lls 
arisiaj^  from  the  |ii'(»liferati<*u  i*f  surfaee  epitlieliniu  or  ♦ilaudirlls  lie  in 
d(*tinite  groups,  luasujueU  as  this  arran^^iMuent  ^ivrs  to  the  tumors  a 
strnetnn*  stifj^n-stiu^r  that  of  a  ^^lai'f!,  th(\v  are  often  also  ealh^l  onjumml 
tamuvH,  in  <*outradistiuetiou  to  the  histi>id  eon aeetivr  tissue  tumors.  It 
should  Im*  uoI(m1,  hiiwi*ver,  that  th**re  an^  also  ineiudi^d  in  the  eounec- 
tive  tissue  ^^roup  *\f  tutuors  eertaiu 
varieties  (endotheliomata)  which 
have  an  or;;'anoid  strueturt*. 

Thi'  e<^lls  whieh  Ki\e  tlu-  i^pithr^ 
lial  tnniors  iheir  rspeeial  eliaraeliM* 
arisf*  either  from  tin*  rrtochMiu  or  en^ 
todeiui,  and  fr»»m  the  jjjlauds  dtnrl 
opin;^  from  the  sami',  oj'  finally  fr4>m 
the  uirsiidtMiual  p|ntheliinu  of  the 
|K»ric'ardium,  and  of  the  ])leural  and 
p«*ritoueal  eaviti*^s,  or  fU"  the  ^hinds 
arisin^^  from  this  hiyer  (kidneys, 
sexual  ^dands,  adreuals).  Tunnu-s 
havinjx  tlie  last-named  orijjin  ofuvn 

show  imnv  or  less  <listim*tly  (he  especial  elianieler  of  tlie  t»aivut  tissue 
from  will  eh  they  aris«\ 

Very  soft  eellulur  epithelial  tumors  are  also  designated  medullm^* 


Fiis.  t!4t)  ruiiifnid  rttrr'tncimii  of  \\w  riidnmi'trlum  nf  rhe  pustt-rinr 
wull  of  ih*"  ijif*niH.  ft.  ikMlv  of  tilt*  ytijniii;  h,  rvrvJx  ;  t%  vjiglriu;  </, 
tumor.    TwtMlilrtb  tuitiirMl  Hlztt. 


fUi,  211.- Piipdiary  iid(>n«)ma  of  rectum, 
urul  5lxv, 
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C-ombiiiations  of  epithelial  proliferations  with  proliferations  of  the 
connective  tissue,  which  exceed  the  ordinary  amount  of  supporting  tis- 
sue or  bear  a  sarcomatous  character,  lead  to  the  formation  of  epithelial 
mixed  tumora, 

Tlie  teratoid  tumors  and  cysts  form  a  group  which  is  especially 
characterized  on  the  one  hand  by  the  fact  tliat  they  contain  the  most 
varied  kinds  of  tissue  which  may  be  denved  from  all  three  germ-layers 
(teratoid  mixed  tumors),  and  on  the  other  hand  by  the  presence  of  tissue 
formations  in  regions  where  they  do  not  normally  occur.  Tumors,  there- 
fore, which  according  to  their  structure  maybe  placed  in  one  of  the  other 
groups,  may  be  considered  as  teratomata  on  account  of  their  situation. 
Further,  there  are  also  included  in  the  group  of  teratoid  tumoi-s  certain 
formations  which  according  to  their  structure,  origin,  and  physiological 
relations  ought  not  to  be  classed  with  the  tumors. 

Tumors  usually  develop  singly;  but  it  also  happens  that  within  a 
certain  tissue  system  there  may  appear  either  coincidently  or  in  succes- 
sion a  great  number  of  tumors  of  the  same  kind,  so  that  it  must  be 
assumed  that  the  conciitions  requisite  for  the  development  of  these  tu- 
mors were  present  in  different  pails  of  the  system  affected.  At  times 
there  develop  in  different  organs  of  the  same  individual  two  entirely  dif- 
ferent varieties  of  tumors,  which  stand  in  no  relation  to  each  other,  and 
whose  coincident  appearance  is  purely  accidental. 

The  exact  deterniinatiou  of  wimt  should  be  included  under  the  term  tumor  is 
hardly  possible ;  and  consequently  llie  designation  tumor  is  applied  to  many  different 
formations  which,  according  to  tlieir  etiology,  genesis,  and  life -characteristics,  have  not 
the  same  siguiticance.  Tlie  idea  of  tumor  is,  therefore,  very  differently  conceivetl  l>y 
different  authors.  I  regard  it  as  advisable,  and  also  as  based  upon  the  life-characteris- 
tics of  the  tissue-format  ions  which  we  are  about  to  consider,  to  exclude  in  the  first  place 
Inm  the  class  of  tumors  all  hyperplastic  proliferations,  and  furtlier  all  retention -cysts 
which  arise  purely  through  the  retention  of  secretions  and  show  no  independent  nVw- 
fornuition  of  tissue.  Furtlier,  according  to  my  view,  t/^'re  should  be.  sejMt  rated  from  the 
true  tui/iors  nil  -pntUferations  of  titfsue  due  to  the  prenence  of  jmraffites  or  tit  infection,  par- 
ticularly the  infectious  granulomata  which  occur  in  tuberculosis,  syphilis,  leprosy,  etc. 
Shouldit  be  proved — which  so  far  has  not  been  done — that  some  of  the  new-growths 
now  included  with  the  true  tumors  are  caused  by  infection,  they  should  also  be  ex- 
cluded from  the  category  of  true  tumors. 

Tlie  above  classification  of  tumors  is  based  essentially  upon  their  histological 
chanicter  and  histogenesis.  They  may  of  course  be  classified  according  to  other  points 
of  view.  Lulxirsch  has  offered  the  following  classification  wilh  reference  t<^  the  growth 
and  behavior  of  the  tumor:  (1)  Tumors  which  differ  from  the  parent  tissue  in  the 
arrangement  of  their  elements,  but  for  the  chief  part  present  no  recognizable  in<reasc 
or  at  most  only  a  transitory  growth  (various  teratoid  new-growths,  misplaced  tissue 
anlage,  congenital  nicvi,  nmny  adenomata,  myomata,  fibromata,  lipomata.  chondro- 
mata,  and  osteomata);  (2)  tmnors  which  show  a  certain  autonomy  and  independence  in 
their  structure,  but  yet  on  the  whole  obey  the  normal  laws  of  life  in  that  they  always 
respect  the  physiological  tissue  boundaries  (myomaJa,  adenomata,  angiomata.  lipon)ata); 
(3)  tumors  which  are  wholly  emancipated  from  the  physiological  laws  of  life  an(i  rule 
in  the  tissues  in  total  lawlessness  of  growth  (carcinoma,  sarcoma). 

The  atypicai  structure  of  tumors  is  not  given  so  much  prominence  by  all  au- 
thors as  has  been  done  above.  This  is  particularly  true  with  reference  to  those  tumors 
which  are  similar  in  structure  to  the  parent  tissue  fnmi  which  they  arise,  and  which  are 
accordingly  designat(;d  homoplastic  tumors.  It  should  be  noted,  however,  that  even  in 
these  tumors,  in  so  far  as  they  represent  true  neoplasms  (chondroma,  osteoma,  fibroma, 
etc.),  there  occur  in  general,  in  the  histological  structure,  coarser  cnganization,  and 
external  torm,  pronounced  departures  from  tiie  normal.  Tumor-like  congenital  tis- 
8ue-hyperiro{)liies  (for  example,  many  osleotnata),  as  well  as  hyperplastic  new-for- 
mati(»ns  of  tissue  resulting  from  inllannnatory  j^rocesses,  must  be  separated  from  the 
true  tumors. 

Tumors  arc  In  no  sense  useful  lo  the  organism  as  many  tissue-hypertrophies 
may  be.     Tumor-tissue  does  not  possess  ihe  specific  activity.of  that  tis-suefrom  which 
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It  springs,  so  that  tumors  can  in  no  way  be  regarded  as  useful  new-formations  of  tissue. 
It  happens,  indeed,  that  in  certain  tumors  there  occur  processes  of  secretion  which 
correspond  to  normal  secretions — thus,  epithelial  tumors  may  produce  mucous  or  horny 
or  colloid  material  (thyroid  tumors),  or  bile-pigment  (liver-tumors),  even  in  metastatic 
nodules — but  from  these  facts  we  can  conclude  only  that,  in  many  tumors  which  do  not 
differ  too  greatly  in  structure  from  the  parent  tissue,  the  cells  may  retain,  to  a  certain 
degree,  for  a  number  of  generations,  the  functional  capacities  of  the  parent  tissue. 
There  is,  however,  no  basis  for  believing  that  new  useful  tissue  is  formed  as  in  the  case 
of  hypertrophy  from  increased  labor;  the  products  are  for  the  chief  part  of  no  use  to 
the  body,  and  though  perhaps  in  especial  cases  the  iodine-containiug  culloid  produced 
by  malignant  tumors  of  the  thyroid  may  be  made  use  of,  such  a  function  must  surely 
be  of  much  less  value  than  that  of  the  normal  tissue. 

The  tumors  arising  from  the  mesodermal  epithelium  of  the  serous  membranes  or  of 
the  glands  arising  from  these  are  included  in  the  fi^roup  of  epithelial  tumors*  This  is 
justified  by  the  fact  that  such  tumors  correspond  in  their  structure  and  clinical  be- 
havior to  the  epithelial  tumoi-s  of  the  ecto-  and  entoderm.  I  have  also  considered  the 
question  whether  it  would  not  be  advisable  (as  Hansemann  has  proposed)  to  class  also 
among  the  epithelial  tumors— i.e.,  the  adenomata  and  carcinomata — those  tumors  which 
have  a  framework  of  connective  tissue,  the  spaces  of  which  are  filled,  in  a  manner  sug- 
gesting epithelial  tissues,  with  cell  nests  arising  from  the  proliferating  endothelium  of 
the  blood-  and  lymph- vessels.  Aside  from  the  similarity  in  the  structure  of  these  tiunors 
with  the  ordinary  adenomata  and  carcinomata,  there  may  be  taken  in  favor  of' this  view 
the  fact  that  from  the  anatomical  side  the  endothelium  of  the  blood-  and  lymph-vessels 
is  often  designated  as  mesodermal  epithelium.  Against  such  a  grouping  of  the  endo- 
thelial with  the  epithelial  tumore  may  be  urged  the  facts  that,  aside  from  the  general 
acceptance  of  the  term  endothelioma,  the  behavior  of  the  endothelium  of  the  blood-  and 
lymph- vessels  under  pathological  conditions  is  very  different  from  that  of  epithelium, 
and  that  in  many  tumors  it  is  impossible  to  separate  the  products  of  the  growth  of  the 
endothelium  of  the  blood-  and  lymph-vessels  from  the  products  of  proliferation  of  con- 
nective-tissue cells. 
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See  also  §§  100  and  101. 

§  100.  Tlie  etiology  of  tumors  is  by  no  means  uniform,  and  very 
often  cannot  be  determined  with  certainty.  In  the  majority  of  cases, 
however,  the  conditions,  at  least,  under  which  the  new-growth  appeared 
can  be  assigned  and  we  may  accordingly  establish  different  groaps  of 
tumors.  Infection  is  indeed  very  frequently  advanced  as  a  cause  of  tu- 
mors, but  such  etiology  has  not  in  any  case  been  demonstrated  beyond 
doubt. 

As  the  first  group  of  tumorSy  according  to  etiology,  may  be  ta^Len  those 
arising  front  especial  congenital  anlage,  so  that  we  may  in  a  certain  sense 
regard  them  as  local  malformations  of  tissue.  They  develop  either  in 
uterine  life,  and  are  present  at  birth,  or  later  in  extra-uterine  life,  dur- 
ing the  period  of  growth  or  even  later,  in  which  case  trauma  not  infi'e- 
quently  gives  the  immediate  occasion  for  the  beginning  of  the  develop- 
ment of  the  tumor  from  the  preexisting  anlage. 

To  this  group  lielong  in  the  first  place  many  osteomata,  ehondronmta, 
angionuitii,  glioniata,  fibromata  (of  the  nerves  and  skin),  sarcomata  and 
adenonuita.  Further,  many  teratoid  tumoi*s  and  cysts  are  also  to  be 
included  in  this  group,  inasmuch  as  they  represent  in  part  either  re- 
mains of  foetal  structures,  tniuspositions  or  monogerminal  inclusions  of 
embryonic  tissue*,  ini])lantations  of  rudimentary  portions  of  a  twin  em- 
bryo (bigerniinal  implantations),  or  probably  also  the  results  of  disturb- 
ances of  the  eaili(\st  stages  of  the  development  of  the  ovum. 

A  srcond  group  develops  after  traumatic  injuries  of  the  tissues ;  and  it  hjis 
been  reckoned  that  in  about  seven  to  fourteen  per  cent  of  cases  a  trau- 
matic origin  can  be  assigned;  particularly  in  the  case  of  sarcoma,  carci- 
noma, and  osteoma.  The  causeiii  of  the  tumor-formation  may  be  a  single 
injury,  a  stab,  a  blow,  crushing,  fracture,  etc.,  as  well  as  repeated  me- 
chanical irritation,  such  as  rubbing,  scratching,  etc. 

In  a  third  group  the  development  of  the  tumor  follows  inflammation^  par- 
tieularhj  the  formation  of  granulation  tissue  with  subsequent  cicatrization.  The 
inflammation  and  ulceration  may  be  caused  by  non-specific  as  well  as  by 
sp(»cific  injurious  agents.  For  exam])le,  cancer  of  the  gall-bladder  (Fig. 
242,  d,  e)  almost  invariably  develops  only  in  gall-bladders  which  contain 
stones,  and  are  conscfiuently  the  seat  of  chronic  inflammation.  In 
the  stomach,  cancer  may  develop  in  the  edge  of  an  ulcer  or  in  the  result- 
ing scai*  and  also  in  a  mucous menibiane  which  has  suffered  sevei*e  changes 
as  the  result  of  i)revious  inflammation.  In  the  external  skin  and  also  in 
the  mucous  membranes  of  the  pharynx  and  larynx  cancers  occasionallj' 
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ioanunefptrilatrophtfo/thf  elrmrntM  irhU'h  vwh'  np  a  tmsue,  ho  that  cniatn 
hhtdraitfrH  to  fpotrth  tiff  rrmontf  or  ltnHf'tt*-d.  Kot  iJH*chuniml  rvsi stance 
alimr,  hut  iuHiiriK^rs  dt*jH*iHlinii  iqurn  the  rheiintnil  nuHlitiniis  of  Hie  tis- 
H{u\  slhinhl  he  erMisiih'ieil  in  this  eoiniei^litHL  lleie  liel<ni^i'S|ieeiaHy  cer- 
tain fpUlttfurf  ffntft/t'i(tfit*n>i  ivtiuvfrH)  which  devuliij*  in  nhl  ajir,  i>r  in 
or^rjius  which  altin  a  p<*i  i»Ml  nT  inereaseil  aelivity  hecume  ahn^phie.  In 
this  way,  foi'  ivvamplr.  the  ile\  eh>pn*ent  of  eaue*'!'  nf  the  skin  may  tn* 
*»X|ilaiiietl  un  the  i^innnd  thai  tJie  ennneetive  tissue  of  the  skin  nnder^oes 
a  eerlain  retm^ressitni  le;uiin<i1oa  rehixation  nf  its  stnu^tnre,  while  (lie 
ejnlln^linni  is  si  it  I  jMJsst*ssinl  of  its  full  jMnver  of  iinrliferatiHiL  At  the 
sjirne  time  the  i-lieniieal  e<mi posit itni  tif  tlie  e»Mitieetive  tissue  may  l>e 
altered. 
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cial  conjL'viiltiil  Liiihi^f'  or  if  stimuli  whirh  iuen-ast;  tht*  f^imiative  activity  nf  Ibe  cells. 
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and  on  the  other  hand,  of  a  lessening  or  removal  of  hindrances  to  growth.  But  it  still 
remains  a  problem  why  there  should  not  be  formed  typical  tissues  which  would  so  tit 
into  the  organization  of  the  body  that  they  would  be  of  service  to  the  latter.  In  the 
attempt  to  explain  this  phenomenon,  which  is  at  tlie  same  time  associated  with  an  in- 
crease in  the  vital  and  reproductive  capacities  of  the  cells,  even  under  pathological  con- 
ditions (metastasis  of  the  cells  through  the  blood-  and  lymph-vessels),  many  writers 
have  sought  and  would  recognize  as  the  cause  the  presence  of  panmtes  (see  Etiology 
of  Carcinoma) ;  but  our  present  knowledge  does  not  in  any  way  justify  us  in  attributing 
the  development  of  true  tumore,  of  autonomous  new-growths,  to  the  influence  of  para- 
sites. On  the  contrary,  the  development  and  life-history  of  tumors,  and  in  particular 
the  formation  of  metastastfs,  which  without  doubt  arise  through  the  multiplication  of 
living  tumor-cells  transported  in  the  lymph-  or  blood-stream,  speak  against  the  hypoth- 
esis of  the  parasitic  nature  of  tumors. 

Co/in/mm  advanced  the  theory  that  all  true  tumors  arose  from  especial  tumor- 
anlage  which  had  their  origin  in  the  persistence  of  foci  of  embryonal  tissue.  Neither 
the  results  of  clinical  observation  nor  of  the  anatomical  investigation  of  the  tissues 
speak  in  favor  of  such  a  theory. 

Ribbert  is  of  the  opinion  that  the  cause  of  the  pathological  proliferation  which  leads 
to  tumor- formation  is  to  be  found  particularly  in  a  separation  of  cells  or  cell-groups 
from  their  organic  relations,  such  a  separation  occurring  either  as  the  result  of  intra- 
uterine disturbances  of  development  or  later  under  the  influence  of  external  agencies. 
Nevertheless,  such  transplantations  or  separations  of  cell-groups  take  place  very  fre- 
quently in  intra-uterine  life,  or  after  trauma,  after  ulceration,  in  scars  and  in  infectious 
granulomata,  without  any  subsequent  development  of  a  tumor.  These  trauMplantu- 
tions  of  tissue  constitute  only  one  of  the  predisposing  causes  of  turnor-fonnation,  but  some 
other  factor  is  necessary  to  excite  the  atypical  progressive  tissue-proliferation — i.e..  the 
development  of  the  tumor.  The  develojyment  of  a  tumor  is,  therefore,  in  no  wise  (fej)en- 
dent  vpon  a  transplantation  of  tissue  ;  rather  does  the  tumar-proiiferation  take  its  i/rigin  in 
cells  tthich  are  normally  situated  ;  and  this  may  be  actually  demonstrated,  particularly 
in  ihe  case  of  epithelial  tumors. 

Beard  holds  the  view  that  tumors,  in  particular  the  carcinoinata,  arise  from  sexual 
cells  which,  durinir  the  development  of  the  body,  have  been  displaced  between  the  so- 
matic cells  and  are  there  preserved. 

Our  knoicledge  of  the  eavse8ofium4>r-development  at  the  present  time  may  be  summed 
up  as  follows:  Inherited  and  acquired  conditions  of  certain  cells  and  cell-groups,  which 
assert  themselves  in  a  tendency  to  increased  formative  activity  with  the  production  of 
atypical  tissue,  lead  to  the  formation  of  tumors.  In  many  cases  this  proliferation  is 
prepared  for,  favored,  and  excited  by  the  transplantation  of  cells  and  cell-groups,  but 
often  also  through  changes  in  the  neighborhood  of  the  cells  concerned.  No  geneml 
scheme  applicable  to  the  development  of  all  tumors  can  be  given.  On  the  contrary, 
the  conditions  vary  not  only  with  the  different  forms  of  tumors,  but  also  with  the  indi- 
vidual cases  of  the  Siinie  tumor-type.  3Ioreover,  it  should  not  be  forgotten  that  the 
formations  which  we  class  as  tumors  do  not  all  possess  the  same  signilicance,  and  that 
many  of  the  stinie  ought  more  properly  to  be  classed  with  other  phenomena  of  growth 
(malformations). 
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See  also  §  99. 

§  101.  When  once  a  tumor  has  arisen  in  any  tissue  and  has  reached  a 
certain  stage  of  development  it  may  become  quiescent  in  STi^wth,  and 
remain  for  a  life-time  without  undergoing  further  change.  This  is  true 
particularly  of  those  tumors  which  according  to  their  origin  are  re- 
garded }is  local  tissue -malfot^miiam ;  but  tumors  which  develop  first  in 
later  life  may  also  come  to  a  standstill  after  attaining  a  certain  size. 

The  srrowth  of  a  tumor  takes  place  independently,  and  in  many 
cases  continues  even  until  death  occurs. 

From  the  surrounding  tissues  the  tumor  acquires  Iwth  its  blood-ves- 
sels  and  thereby  its  food  material,  but  may  besides  grow  independently 
— i.e.,  through  an  increase  of  the  c*ells  which  form  the  elements  of  the 
tumor.     In  many  cases  the  tumor  inci-ejuses  in  size  essentially  through  an 


380 


TUMORS. 


interstitial  expansive  growth,  and  the  neighboring  tissne  is  only 
nowdvri  CM'  pnshiMl  usiilr.  In  other  e4Ls**s  t lie  tumor  tLssue  grows  by 
infiltration  iwd  fora ii  ii«  traif  into  ihr  itttrrrdfuhtr  sjMUf>i  of  the  mif/hbonng 
timue,  so  thai  Jiew  areius  of  (i&sne  are  tlms  biought  under  the  iiiihieiiee  of 
the  tuiJior.  In  this  way  the  eel  Is  of  the  newly  invaded  tissue  are  often 
exeitetl  to  prolifenitiou,  so  that  an  enhirgeuient  i»f  tlie  tiim*>r  takers  ptaee 
through  an  *(ppoHitktnal  f/rouifK  in  wbieli  both  the  cells  of  the  original 
tumor  and  of  the  surroimdiug  tissue  take  itart. 

The  ebanieti'ristie  feature  of  growth  by  infiltration  consists  in  the 
involvriiifmt  of  the  iLvturH  of  the  orgfin  which  lie  in  the  neigh borhoixl  of  the 
primary  tumor.     Further,  the  titmis  of  neighbonng  organa  {¥'\y^.  242,  e,  f) 
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ma}}  become  invotred  ht/  the  tumor  (brougli  its  spread  by  coniigmty.  If 
fitmorreJI^  gain  nit  ranee  iuift  the  tjrrat  botiif  earitieH  they  may  spread  over  the 
HenmH  HHrtaren  and  lead  to  the  devehtpmnd  of  (tt mora. 

If,  in  the  pnK*ess  of  infiltration,  a  tnnior  gains  entrance  into  a  lympk^  or 
bhodres^et — an  event  which  in  pitrticuhir  is  always  likely  to  occur  iu  tlie 
c*tkse  of  the  tnuiors  called  carcinoma  and  sjireoma~and  (/'  limng  imnor- 
cetln  eapabte  of  protiferation  are  traiisiioited  through  the  t^'mph-  or  blotid' 
vessels,  there  often  arise  tumor-metastases^i.e. ,  a  development  of 
daughter-tumors  which  are  not  dinn'tly  counected  with  the  primary 
tumur.  The  daughter-tumors  ntayat  tirst  develop  iu  the  organ  primarily 
atTe(4ed  (Fig,  24H,  A),  hut  usually  soot*  involve  other  organs  iis  well;  iu 
the  cas<*  of  ru]>ture  into  t!u^  lymph -vessels  the  hfmphgtandH  are  fii'St 
affectcil ;  in  rupture  into  the  blood-\  esst^ls,  those  argon h  to  irhieh  the  blood 
earrieM  the  living  eeft^.  The  dirw^tion  nf  I  he  transport  at  iiui  is  usually  that 
of  the  lymph-  and  blood -stream,  biit  i^trognuh-  trausportatiou  not  infre- 
quently occurs,  ijarticuhvriy  in  the  lynipb-vesst*ls.  the  Inrnina  of  which 
ar'e  ea^sily  oltstructed  by  tumoi-s. 

The  development  of  daughter-tumors  takes  place  in  all  cases  from 
transported  celts.  In  the  t^vent  ut  metastasis  by  the  lymph- vessels 
the  a  flee  ted  lymph  vessels  (Fig.   244,  «)  are  Mrst  tilled  with  cell  s^,  which 
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ImIh  im  aitetx*  capillaiy,  or  rein,  and  imder  oerliiui  coodifions  tbe  ine»- 
ads  (F1^  245.  I»,  «*;  :54^,^,  c)  niaj  be  Hlkd  and  svwttjr  dilated  fay  the 
y,r^jt/4-.-*t...-    tufoor-crllfib     Tlie    tisBoe    in   wfaich    the    tnmorH 

V  at  fijsl  remain  paflsiTe,  and  Ibe  specific  ti 
g      ^  F*ig.  -ilK,  if>  stod  ntoacie-eeUs— may  vmnlsli  m  tba  reenit  of 

itii:>.i  i:_  iimf^hf.  Liter,  Uie  blood-renels  and  conneeiiTe  HsBae  lake 
part  iu  1 1  < jpflneoi  <>f  Ibe  deeoodaiy  tumor. 

In  iii>  i*'r  eonrse  uf  iU  drveli^iD^il  tte  aeaondarr  oodnle  ii 

laaaaJly  iifaar|>ly  drraAUicriU^  frr>ni  n»  sumiandiii^  and  gruwB  by  e^- 
panaiuu.     It,  ibijarever,  nut  infrt^|t»etitt3'  Itappeus  tl^  at  least  iu  pLicea, 
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the  infiUmti^e  growth  perBiste^  and  tmder  certain  conditions  widespread 
diffiiw  tujiiorB  develop,  jjarticularly  in  the  bone-marrow  and  in  the  liver 
( KiK-  24l>), 

Tlie  number  of  lymphogenous  and  hieiniitogenouis  metaMuses  varies 
grp-;tlJy  in  differ-enl  cases.  At  one  time  the  nit-tik^tases  may  be  condned 
to  one  organ,  at  other  times  they  may  U?  »<:att*Te<l  thron^hoiit  several. 
In  mre  caM***  cells*  of  the  original  tumor  may  lie  spread  through  almost 
the  entire  btxly,  so  titat  in  the  most  diverse  organs — glands,  museIeK, 
Hkin,  etc.— larger  and  smaller  nodules  may  appear  in  quic*k  succession. 
This  phenomenon  is  pns'^ilile  when  tumor  iuKlnl*»s  situate<i  in  the  lung, 
pleura,  or  bronchial  glands  break  into  a  pulmonary  vein,  or  when  the 
tumor  eells  pass  thruugli  tlie  lungs. 

If  a  living  bit  of  tumor  i Careinoma,  sjircoma )  capable  of  forming 
met iLstJtses  is  transplanted  t'ronj  one  aaiinul  into  the  tissut^s  of  another 
aniiiiai  i>f  Uw  mimf*  HpfritH,  it  sonietinies  happi-i»s  that  it  will  develop  in 
the  second  auiiJiuL  There  may  take  j^laee,  therefore,  a  mviagt asm  from 
one  animal  fo  autftftrr.  In  man,  tumor  ]»artiek*H  may  in  a  similar  manner 
l>e  transplanted  during  f»|K'rations  from  one  part  of  the  body  to  another 
and  there  contine  to  grow  ( ]m|>tantatiiNi  metastasis). 

Hide  by  si<!e  with  the  progressi\e  proliferation  of  tissue  there  very 
frequently  fK'cur  in  tnniois  retroffressive  chang^es,  particularly  in 
rapidly  growing  and  infill  rating  cellular  tumors,  in  whieh  fally  and 
mucoUii  degeneraliun,  necrobiotic  processes,  and  hiemorrhages  may  lake 
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place  to  a  marked  degr^ee.  so  that  there  not  infivquently  n^iilts  a  ttXal 
de^ruriiom  o/th^  tmMnr  ti*Km^x.  Thi^  rapid  disiiit^^rration  of  the  tumor  is 
in  part  due  to  the  f;ict  that  iu  o;in-inomata  the  epithelial  pndifenitioii  to 
a  very  great  extent  jjrows  into  the  blood -ve;«Jels  and  so  «fclistruets  them. 
If  the  celL<  are  Ixuilv  miurished  they  may  underp>  nei^rosis  and  Unimie 
di:^»lved  thn^ngh  the  artion  nf  pn»te«^^»lytio  fennents.  In  the  tn^se  of 
utMnlar  tumors  the  destruction  «»f  the  tnmor-ivUs.  when  foUoweil  by  a 
resorption  of  the  pn^lnrts  of  degeneniti«»n.  leads  to  jtArtuXvH'/  and  to  the 
formation  *.*(  f^if^iitn^inf  nmtnfrthtMx,  Very  often  th;i*  h^  nfthm-rif^s  and 
W^vrs  may  liethns  formed:  and  p;irlieularly  in  the  i':is*'Oi  i-.irt-inomaTous 
Tumors  «if  the  mucous  membranes  the  xmrts  of  the  tnnu»r  .i:n»winj;  up 
aN>ve  the  surfaiv  very  often  for  the  j;reiiter  p;irt  undenn>  disinte;:ration. 
In  si»i%ly  ^mwinji  tumt^rs  of  hard  eonsistenoy  extensive  reinip'-.ide 
ehaii^e>  ilo  iu»t  usually  occur. 

The  necrosis  and  disintejrration  of  the  tissues  of  the  tumor  only  very 
rarely  terminate  in  a  cure.  This  event  is  nu^st  likely  to  happen  when  a 
I*»lypoid  uew-«rrowth  beci>mes  totally  necn^iic  ifor  example,  as  a  result 
•»f  twLaiug  or  tearing  of  its  pedicle >  and  is  thn^wn  off.  In  the  majoriiy 
•>f  the  tumors  showing  a  tendency  to  retrv>gressive  changes  and  disinte- 
gration, while  the  older  portions  are  dying  the  growth  constantly  ad- 
vances at  the  jieripherj*.  S4>  that  new 
tissues  are  lieing  progressively  at- 
tacked by  the  tumor. 

If  the  tumor  is  extirpated,  there 
may  result  a  cure  when  all  of  the 
growth  luis  been  removed  or  de- 
siroyeil.  This  is  m^ist  easily  accom- 
plisheti  in  the  c;ise  of  slowly  grv>wing 
and  sharply  circumscribed  tumors 
which  incre;ise  by  exi>ansion.  In  the 
c  ise  of  infiltrating  tumors  it  is  very 
difficult  to  determine  the  lK>undar>' 
<.f  the  tumor-growth,  since  this  may 
often  extend  far  lx\vond  the  point 
wheiv  any  macniscopic  change  in  the 
tissue  is  ap]xirent.  Conseipiently,  in 
such  easi\s  there  takes  phK*«\  s*K>ner 
or  later,  in  the  operation  s^nir  a  re- 
currence ^Fig.  247,  a)  which  aris*^ 
from  iH^rtions  of  the  tumor  remaining 
in  the  tissiu^  Such  recurrenct*s  Ih*- 
have  ex;u»tly  like  the  primary*  tumor, 
and  may  alsi»  form  metsv^tsises  (Fig. 
247,  r"'.  In  those  cjises  in  which  re- 
currenc*e  in  the  Si»ar  following  op- 
eration is  long  delaytnl,  it  is  possible 
that  this  ciivunistanit^  deiHMuls  upon 
the  fact  that  in  the  affectetl  area  the 
ronditioM.s  yVrroriw//   tumor  (/<'rf7oj>iiif'ii/ 

Acconling   to    their    clinical   and 
anatomical     characteristics     tumors 
mjiv  U*  classed  as  lienign  and  malignant.     As  brnh/n  tumors  an»  gener- 
ally reg-arded  those    irhich  tjrow  sintclij  ontl  by  vxiMumm  ami  do  not   form 
W4iattan^'n :  as  ma/if/uaut,  th^r  trhirh  fJiotr  a  i^imijdtie  emanriiHition  /ntm  the 
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no  ntwl  laws  of  proliferation,  grow  quUMy  and  by  infUrationy  easHy  undergo 
degenerative  changes  and  form  metastases. 

The  malis^ant  tumors,  on  the  whole,  coincide  with  those  tumor 
forms  which  are  known  as  carcinoma  and  sarcoma.  It  most,  however, 
be  borne  in  mind  that  the  malignancy  of  a  tumor  dex>euds  not  only  upon 
its  character,  but  also  uj^on  its  location.  A  benign  tumor  t^es  on  a 
malignant  character  as  soon  as  its  presence  interferes  with  the  functions 
of  vital  organs.  Hence  every  tumor  of  the  brain  or  meninges  becomes  a 
dangerous  affection  at  the  moment  when  it  gives  rise  to  disturbances  of 
the  cerebral  functions.  Under  certain  conditions  such  benign  tumors  as 
fibromata  of  the  uterus  become  destructive  growths  as  soon  as  they  reach 
such  a  size  as  to  displace  and  compress  the  neighboring  organs. 

After  a  tumor  has  existied  for  a  certain  period  there  i*esults  very 
frequently  a  marked  lowering  of  the  general  nutrition,  a  marasmus, 
which  is  usually  designated  tumor-cachexia.  This  occurs  chiefly  in 
lussociation  with  the  malignant  growths  known  as  cancer  and  sarcoma ; 
and  may  depend,  in  part  at  least,  upon  the  great  demands  made  upon  the 
food  supply  by  the  rapid  growth  of  the  tumor,  particularly  in  the  case 
of  formation  of  metastases.  A  still  more  important  cause  may  lie  in  the 
fact  that  the  tumor  may  interfere  with  the  taking- in  of  food.  In  cancer 
of  the  oesophagus,  stomach,  and  intestine  the  function  of  the  affected 
organ  is  greatly  interfered  with,  and  the  assimilation  of  food  mjiy  be 
entirely  prevented  or  nearly  so.  Further,  it  should  be  borne  in  mind 
that  through  the  degeneration  of  the  tumor  and  the  continuous  secretion 
from  the  resulting  ulcei*s  large  amounts  of  albuminous  material  may 
often  he  lost  from  the  body;  and  that  through  putrid  decomposition 
there  may  arise  substances  which,  when  absorbed,  may  act  injuriously 
upon  the  organism.  Finally,  the  pain  which  is  often  felt  in  a  tumor 
may  roh  the  patient  of  his  sleep.  Whether  the  tumor  itself,  in  certain 
cai>es,  ])roduces  substances  harmful  to  the  organism  is  yet  unknown,  but 
is,  however,  not  improbable. 

Metastases  occasionally  occur  with  benls:n  tumors,  chondromata,  myomata, 
and  adenomata.  Of  these,  the  metastases  in  the  bones  of  thyroid  tumors  are  of  special 
importance;  they  occur  when  no  carcinomatous  proliferation  can  be  demonstrated  in 
the  thyroid,  so  that  it  would  seem  probable  that  under  certain  conditions  even  the 
cells  of  a  normal  or  hypertrophic  tissue  may  be  transported  into  the  bone-marrow  and 
there  proliferate. 
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II.  The  Different  Forms  of  Tumors. 
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(tf )    FihittmtL 

g  102.    A  fibroma  is  a  hunor  rcini|M>sod  if( jihrouH  rontirdirr  timttr.     It 
Bura  most  fjvqueiitly  in  Uie  IVirin  t*f  noduirH,  wliirh  luv  shaiply  ciiciiiii' 

st'i'ilK^tl  from  tbi*  syrrtMuidiii;^  li.s- 
8nes,  and  tiBiially  involve  but  a  pop* 
tii>ii  id*  tlie  averted  4ii jj;aji.  Vrry 
ra  re  I  it  a  u  e  1 1  n  I'e » n  gin  i  ( o  \  a  i ;\  j  1 1  uiy 
l>e(**iiije  i-haiiged  iiitn  a  siuj^jle 
Miim»r-nias.s.  On  a  frn*  epitjie- 
Hal  811  r face  ami  on  miictKis  mein- 
biaiH's  a  tibioiiia  niay  apptMr  in 
tlie  form  of  ii  pftpillmnti  or  n  pofjfiK 
According  to  tlie  (diaraetcr  of 
the  fuHiirrlive  tissue  of  wbirli  it 
18  eompf^sed,  tlie  eonsisteiiey  of  a 
ti broma  may  vary  j<reat  h\  i)f ! en 
it  is  hard  and  imt*jh^  <*nnikiii'.j  nu- 
de r  1 1  i  e  k  n  i  f t^  ( d*  mn  md ) ,  am  1  sh  * » w  - 
ing  »»n  its  eut  surface  a  white,  toudon-like,  sbioing  tissue;  Imt  iu  other 
easf*.s  the  griiwlli  niay  Ik^  soft,  llaceid,  I  lie  ent  surface  Im^iw^  more  uni- 
formly grayish  -  wliite 
and  somewhat  Iraoshi* 
cent.  In  slill  other  eas4*s 
the  iiidiviilual  si  rands 
of  eonneelive  (issue  are 
iiidt*i*d  white  anti  shin- 
ing, but  tlie  tumor  jls  a 
whole  ha.H  a  bM)S(»rKtrne- 
ture  and  is  correspoml- 
ingly  flaccid. 

Betw»*en  the  liard 
and  sijft  growths  thi^re 
exist  all  ]Mi.ssibh*  transi 
tion-f*H'Uis,  and  evm  in 
one  tumor  di  tfore  nt 
parts  may  possesn  dif- 
fer e  n  t  charaeterist  ics. 
Under    the     microsc^ope 

the  hanl  kinds  appe;rr  to  be  conrp«isi'd  cliieliy  of  thick  bundles  of  coarse 
dbre-s  (Fig.  24S,  a,  h),  in  whirh  lie  scattered  a  larger  or  smaller  nnmln^r 
of  ciells.     In  the  softer  f«inn8  the  bnndh\s  of  librea  are  more  dt'licat« 
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Via.  a4a  -  8«H'tlon  nf  au  tiMifMiiatmu*^  Ubmruti  of  thf  iit»»nus  'iwiOfiJc 
arhl.  gTyifrin).  a,  Clt^fly  lytng  fibrrt;  h,  fibren  prH»*wl  wprtrt  by 
llultl;  i\  Mplndle-stmped  celtn;  tL  iwoUen  rouDd  oelb;  r,  Ulood' 
vwfl*t*L     >:  'Mi. 
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(Fi^.  24M,  a  },  It'  viH  ;i  resiiU  itf  vvmnis  eimjijestioii  or  nthtT  ruuse  a  clear 
fliiifl  CO  Herts  Ix^twer^ii  the  fibril  In?,  tlu*re  is  fonnefl  an  trdematoifH  fihrmmf, 
whoM*  biiiuiles  iif  fibres  ( Fi*^.  2W,  h)  are  [pressed  apiirt  In  the  l!iii<i,  the 
tissue  IwH-uniiu^  suCU'i"  and  uiorp  moist  and  traDshieent,  and  finally 
resiMidiling  I  lie  tissne  of  the  inubilical  etnd. 

Thi*  fio/t  fhnitii  *ifjfhr<fiit*f^  whieh  p^^sent  a  part  l^^  traiisloeent,  grayish - 
white  eiit  surfart*,  are  usually  vt^ry  rieh  in  c^ells;  so  that  it  is  possible 
by  teasing  to  isohite  uumerous  slender  spindle-shajjed  eel  Is  ( luielei  witJi 
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Fio.  2aH     FIbromu  |>prk'jiiiall('iiliin'  iniimtoir  (Mullt'r%  ttuld,  hIijiii  mrKkine,  t^i^in  l    ti,  Gkn (Mu bales :  h, 
Dewly  foniietl  ijvrk'^irniJirnlarmnnt't'llve  tlssiie  rkh  In  cells;   c,  cynn£^t;tive  lissuc  pn^tr  In  r<-liti*     •:  !t5» 


tails).  Tlie  intereellular  snbstanee  is  eorrespondin^ly  less  iu  amount, 
the  fibrilhe  nion:'  delieate  and  arniii|red  in  finer  buiuiies.  S4H*tn»us 
tlnon^h  sneh  fibromata,  when  stained,  appear  very  rieh  in  nin-lei  (Fig. 
lirjt),  If). 

FdnMnuata  develoi>  from  ijndileratin^^  etnineelive  tissue  e^^lls,  audit 
is  nsnally  possible  to  Jind  in  the  tumor  eertain  areas  whieh  are  rielier  in 
eells  than  the  main  nuiss  of  the  tiiunir  tissue,  and  in  whieh  the  eells 
ap]it*ar  not  only  as  small  spindle  eells,  but  als<j  in  part  as  round  eells,  or 
iLs  sborl,  tbiek  spindles,  or  even  a.s  stellate  eells.  The  transinrinatitai  of 
tlie  newly  formed  eellnlar  tissue  inio  eonneetive  tissue  lakt\s  plaee  in  the 
sinne  way  its  that  deseribed  under  lIyj>erplMsia  of  t\mneeti\e  Tissne.  A 
new  rormatifui  of  ela^tie  fibres  is  nsnally  wanting,  bnt  at  times  sneh  a 
new  formation  does  oeeur,  partieularly  iu  the  nei^hlinrlnM  d  <  f  the  blood- 
veas<ds. 

Fibromata  may  ajjpear  iu  any  pail  of  the  ijody  whirh  eontaijis  any 
form  whatstwner  of  eonnedive  tissue.  They  oeenr  most  frequently,  fur 
example,  in  tlie  nerves,  skin,  periosteum,  fascia,  mamma\  and  mneons 
memhr.uu' of  the  n^vsr:  more  rarely  iu  Hie  ovary,  intestinal  tra(*t,  ete. 
Ill  thi*  mammary  gland  tin*  devrlopmtnd  rd'  the  fibroma  lakt^s  plaee  par- 
tieularly  aionml  tin*  eaiialienli  (Fig.  ^'lO,  h},  so  tluit  the  hitter  eome  to 
be  surround  I'd  by  e<*nuertive  tissue  rieh  in  i'<41s. 

Fibromata  do  not  torin  inr1astas(-s,  bnt  of  t  i*n  t^ceur  as  multiple  tumors, 
e-specially  in  Ibi*  nnvi'saud  skin  (see  XtMirfilibroma.  >5  111  k      Jloi^over. 
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it  is  not  uncommon  to  see  within  a  tumor  several  centres  of  growth — that 
is,  the  mass  of  the  tumor  is  made  up  of  several  nodules  or  bands  held 
together  by  ordinary  connective  tissue  (Fig.  250,  b).  Fibromata  are 
malignant  only  through  their  size  and  position. 

Fibromata  may  undergo  mucous  or  fatty  degeneration  or  may  soften 
and  disintegrate,  so  that  cavities  may  be  formed  within  them.  They 
may  also  break  through  and  give  rise  to  ulcei"s.  Their  blood-supply 
varies  greatly,  at  times  being  scanty,  at  other  times  abundant.  Occasion- 
ally the  blood-vessels  are  ectatic,  so  that  the  tissue  is  interspersed  with 
wide  channels  and  clefts,  from  which  blood  escapes  when  the  tumor  is 
examined  in  a  fresh  state.  In  other  cases  dilated  lymph -channels  are 
seen. 

Keloid  is  the  designation  applied  to  a  hard,  nodular,  or  flat  and 
banded,  or  stellate  growth  of  the  skin,  which  in  its  fully  (leveloiH*d  state 
consists  of  dense  fibrous  tissue  without  elastic  fibres.  The  direction  of 
the  fibies  is  often  at  right  angles  to  the  surface  of  the  skin,  or  at  lesust 
does  not  accord  with  that  of  the  normal  fibres.  It  usually  develoi)s after 
injuries  or  infiammations  (cicatrixkeloid),  but  it  may  also  appear  without 
such  association  {spontaneous  keloid).  The  cause  of  the  keloid  growth  is 
not  known;  the  tendency  to  recurrence  after  removal,  the  multiple  oc- 
currence, and  the  fact  that  many  cases  frequently  occur  in  the  same 
family  (Hutchinson)  speak  in  favor  of  a  special  preilisposition  on  the 
pai-t  of  the  skin. 
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(/>)   Myxoma. 

§  103.  A  myxoma  is  a  tnnior  which  consists  essentially  of  mucous 
tissue,  and  is  made  np  of  cells  and  a  fluid  or  gelatinous  intercellular  sub- 
stance containinj^  mucin.  The  cells  of  the  tumor  ai*e  for  the  greater  part 
polymorphous,  with  processes  of  varying  length  (Fig.  251)  which  anas- 
tomose with  one  another  (Fig.  252,  f/).  The  tissue  is  markedly  trans- 
lucent, soft,  and  the  blood-vessels  are  easily  seen  through  it.  From  the 
cut  surface  gelatinous  masses  or  a  stringy  tluid,  which  swell  up  in  water, 
may  be  obtained. 

No  tumor  is  ever  wholly  made  up  of  myxomatous  tissue;  the  latter 
is  usually  combined  with  otlier  forms  of  tissue,  particularly  with  fibroius 
connective  tissue,  fat  tissm»,  cartilage,  and  sarcomatous  tissue.  For  this 
reason  such  tumors  are  properly  designated  fibromyxoma,  lipomyxoma 
CFig.  254),  chondromyxoma  (Fig.  257,  c),  and  myxosarcoma  (Fig.  252). 
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Miinnis  t issue  may  develop  from  fibrous  eoiinertivc^  tissue  through 
the  colhH'ti«*u  o(  a  luuchi-routaiuiiitr  tiuid  betwet-ii  thi*  librillie  aud  the 
^niduul  disj^^ipjtearaiice  ut  Hie 
lattei'.  Adij)ase  tissue  may 
piuss  over  inlii  luyxouialous  tis- 
sue tliruu^h  the  disiippearaoee 
Mf  tilt  fruiu  tlie  flit -cells  ami  the 
a]4>earduce  ol^  a  m ueiii -contain - 
iu|^^  gelatiuous  sulvstuuce  be- 
lwet*u  the  eel  Is,  dutin*^  wliieh 
pniees^  the  fat-diojis  heeome 
hr<#keii  up  into  swollen  dinplcHs 
(FiJ,^  LM4,  h,  V),  while  the  eells 
thenisi^lves  heeonie  smaller  ami 
jiitar  shaped  {d).  Cartilage  may 
also  lK^(»ouie  transftu'uied  into 
mneouH  tissue  tlirou^h  a  uiueoid 
dejj^enenitinn  of  tlie  Inisc^meiit- 
suhstaiiee  and  a  ehaut^^e  of  form 
of  tlH^  eel  Is  (Fi^.  257,  A  d). 
Myxosareouiata  (Ki^^  252)  arise 
eitlier  throu^^h  a  hx-al  inereiusetl 
aetivity  of  cell  iirolifenit ion  in 
uiyxomata  or  through  a  eoUee- 
tion  of  mueokl  snbstanee  l>e^ 
twe(*u  the  sareonui  cells. 

Myxoniata,  niyxufitiromata,  and  njyxolipomata  develop  most  fre* 
ipienlly  in  the  er»niieetive  tissue  of  the  peiiiKteuui.  skiin  heart,  taseia, 
and  sheaths  nf  11  le  njusi^'Ies,  as  well  as  in  the  fat  tissue  of  the  snlK*uta- 
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251.— (tills  Tram  a  myxouia  or  Ibe*  p<*rt«ji*teuiii of 


Fig.  252,-8wiloti  of  n  myxm  irroitut  (Mftller's  flutd.  carniEnp^  irlyc*Hri!i.    ri>  Krxomatous  Uttue;  b,  stiundA 


neouK aud  suliserous  tissues  and  nf  tlie  eutiosteunh  3IyxoehiUidrt»iJUita 
of'enr  jiartienhirly  in  the  parotid,  luul  eonstitutr^  the  most  eommoii  form 
of  tumor  found  Hiere. 
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These  forms  are  all  benign  tumors,  which  rarely  produce  metastases. 
Myxosarcomata,  on  the  other  hand,  have  the  characteristics  of  sarcomata 
and  may  form  metastases. 
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((')  JAponm. 

§  104.  A  lipoma  is  a  tumor  consisting  of  adipose  tismi^e  (Fig.  253). 
These  tumors  are  sometimes  soft,  almost  fluctuating,  sometimes  firm, 
usually  nodular  and  lobuhited,  and  very  often  attain  a  very  great  size, 
lu  structure  they  are  very  similar  to  the  subcutaneous  adipose  tissue — 
that  is,  they  consist  of  fat-lobules  held  together  by  thick  or  narrow 
connective-tissue  trabeculce. 

Histologically,  the  tissue  of  a  lipoma  resembles  the  fat-lobules  of 
the  subcutaneous  panniculus  (Fig.  253),  although  the  tendency  to  form 
typical  grai^e-like  clusters  of  fat-cells  is  wanting.     If,  as  not  infrequently 

happens,  mucous  tissue  is  also 
formed  in  connection  with  the 
fat  tissue,  or  if  the  latter,  fol- 
lowing a  disappearance  of  its 
fat,  becomes  changed  into  myxo- 
matous tissue,  the  tumor  is  des- 
igimted  a  lipomyxoma  (Fig. 
254);  if  there  is  an  abundance 
of  fibrous  tissue  present,  it  is 
called  a  lipofibroma  or  fibroli- 
poma. 

Lipomata  develop  most  com- 
monly from  iuiipose  tissue,  but 
may  arise  also   from   connective 
tissue  which  normally  contains  no 
fat.     Calcification,  necrosis,  gan- 
grene, and  sloughing  are  of  not 
infrequent  occurrence  in  lipomata 
of  large  size.     These  tumors  do 
not  produce  metastiises,  but  are  occasionally  of  multiple  occurrence.     A 
complete  disappearance  of  a  lipoma  does  not  take  place  in  the  case  of 
extreme  general  emaciation  of  the  individual. 

Lipomata  are  sometimes  observed  even  in  new-born  children — for 


Fijr.  2r>3.-  Lipoma  of  shoulder  rpiflon,  with  relatively 
small  rat-4eUs  OlUIUr's  HuUI,  hieiimtoxylin).     X  3UU. 
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example,  as  tumors  developing  in  or  over  the  cleft-formations  of  spina 
bifida — but  they  occur  much  more  frequently  in  later  years.  The  most 
common  seats  of  these  growths  are  the  subcutaneous  tissues  of  the  back, 


Fio.  254.— Lipomyzoma  of  the  back  (MQ11er*8  fluid.  Van  Gleson**).    a.  Large  ftit-oellg;  b,  e.  fiiUoells  Id 
wbicb  tbe  fat  is  broken  up  Into  llUle  droplets ;  d,  mucous  tissue ;  e,  blood-vessel.    X  300. 

buttocks,  neck,  axilla,  abdomen,  and  thigh ;  but  they  are  found  also  in 
the  intermuscular  connective  tissue,  subserous  fat  tissue,  in  the  kidneys, 
intestine,  mammary  gland,  under  the  aponeurosis  of  the  forehead,  in 
the  meninges,  skin,  fingers,  lymph-glands,  joints,  etc.  They  may  occur 
as  multiple  growths,  and  in  such  cases  maybe  symmetrically  distributed. 
In  niau  there  may  occur  a  formation  of  fat  tissue  about  the  neck  and 
throat,  leading  to  nodular  and  lobulated  disfigurations  of  the  skin  of  this 
region,  and  giving  occasion  for  the  designation /«f/i/ eo//rtr  (Madelung). 
The  development  of  fat  in  these  cases  takes  ])lace  partly  in  the  subcuta- 
neous tissue,  pjirtly  in  and  under  the  fascia  and  between  the  muscles. 
An  abnormal  develo])ment  of  fat  in  an  extremity  may  give  rise  to  a 
conditi6n  of  lipomatons  dephaniiams.  Should  the  process  extend  to  the 
trunk  and  upper  extremities,  etc.,  conditions  are  established  which  re- 
semble very  closely  genenil  obesity. 
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(d)  Chondroma, 

§  105.  A  chondroma  or  enchondroma  is  a  tumor  cousistiug  essen- 
tially of  cartilage.  The  amount  of  connective  tissue  taking  part  in  the 
structure  of  the  tumor,  in  part 

covering  its  surface  or  accom-  ^ 

panying  the   blood-vessels  into  t*^**      •**• 

•  -  •     *^  .  "  ^  : 

#     '^  .'%'>-  ^  ,  .  ;  • 

^  -  V  ' ' '  ^  :  '  ^  :  -  i 


FIO.  256.  FIG.  256. 

no.  255.— Periosteal  chondroma  of  a  dlffttal  pbalanz.  Men  In  longitudinal  section,  a.  Chondroma ;  h, 
phalanx.    Natural  size. 

Fio.  250.— Section  from  a  chondroma  of  the  ribs  (bsematoxylin,  carmine),  a.  Cartilage  rich  in  small 
calls ;  h,  cartilage  rich  in  laige  ceils.    X  80. 

its  int-erior,  is  so  slight  as  to  fall  completely  into  the  background  when 
compared  with  the  cartilage. 

Chondromata  develop  chiefly  in  those  places  where  cartilage  is 
found  normally — that  is,  in  the  osseous  system  or  in  the  cartilages  of 
the  respiratory  tract;  but  they  also  occur  in  tissues  which  normally 
possess  no  cartilage — for  example,  in  the  salivary  glands,  particularly  in 
the  parotid,  and  in  the  testicles,  and  more  rarely  in  other  organs.  In 
the  bones  they  develop  from  remains  of  cartilage  which  persist  after  ossi- 
fication, in  the  case  of  bones  developing  from  cartilage ;  but  more  often 
take  their  origin  from  the  i)erio8teum  and  endostemn  (Fig.  255).  They 
form  tumors  which  vary  greatly  in  size.  The  small  ones  are  usu-  ' 
ally  spherical  (Fig.  255);  the  larger  ones  nodular  or  lobulated.  The 
individual  nodules  are  often  separated  from  one  another  by  connective  tis- 
sue. Not  infrequently  they  are  multiple,  particularly  in  the  skeleton, 
and  here  again  of  most  frequent  occurrence  in  the  hands  and  feet  and 
also  in  the  testicles. 

The  tissue  of  an  ^nchondroma  presents  most  often  the  characteristics 
of  hyaline  cartilage  (Fig.  256),  more  rarely  that  of  reticular  or  fibrous 
cartilage.  At  the  periphery  of  the  tumor  the  cartilage  passes  over  into 
connective  tissue,  which  forms  a  kind  of  perichondrium. 

The  number,  size,  form,  and  grouping  of  the  cartilage  cells  vary 
greatly  in  different  cases  and  also  in  different  parts  of  the  same  tumor. 
Many  enchondromata  are  very  cellular  (Fig.  256),  others  poor  in  cells, 
many  contain  large  cells,  others  small  cells,  or  both  large  and  small  cells. 
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eilluTln  the  ftirmation  of  jnucomtimur  (  Fi^.  257,  r),  tints  0%infc  rise  to  a 
rhoHfinmtffj'om<t :  or  to  a  tuliil  liqin.*faetkMi  of  the  ground-siihstaDce  with 
destruction  iif  the  cells,  thus  rormiiig  defeneration -q/ats  coutainiug  fluid. 


R^&>J 


.4P"<9 


*^v-' 


o^-. 


rxo. : 


80.— Ostoichondnjina  ut  the  huriii-nw  (alrohftU  plrric  iwltl,  hiinnHtuxyHn^  ninnUw).    «,  HnU&i«6«|w 
tUa^fif  I  ^,  born^ ;  c,  curtllutrt'  wliieli  is  htMoinintf  oonvrrli**!  tut*)  twne ;  tl«  bloiMj-vesseL    X  850. 


Iq  olher  rai^\s  (he  cartUagi^  may  become  ailcified  (Fig.  258,  b,  r),  or 
true  hone  may  Ik*  fi>riiird  (Fi^  250,  f\  b),  so  th:it  Hu^  tumor  must  lie 
termed  au  asteochondromii.  Thnni^^h  a  marked  prolifemtion  of  tho 
cartila^^e  ct*lls  ^samtmatotiH  ttmur  may  \m  develo|>ed,  the  tumor  becom- 
ing changed  to  a  chondr4>sarcoma  (Fig.  257,  6). 

The    eticljoiidromata    are,   on    the  whole,    tenign  tumors,   although 
mptasta,ses  may  occur  following  a  rupture  into  a  lymph-  or  blomi-vessi'l. 

In  llie  rteion  of  Ihu  splK'uo-occipitJil  suture,  in  the  inefhiin  line  of  tin;  clivus,  tJjtTO 
in  riui  iufre*|u*jntly  f<niii[l  aMnuU  luTuor  which  has  bt^'ti  designatftl  ecchondrosLs  phy- 
sallfera  sphencKiccipl tails  (  Vurhotr).  It  cither  lies  b<?ncalh  the  dum.  ur  at  its  high 
est  i>oiiit  brtaKs  tliruii|j;b  tliis  niembrane  and  penetmlrs  hito  the  araeliooid  an(i  pia.  in 
Us  typical  form  the  tumor  consists  of  blridderdike  cells,  resembling  plant-colls;  and  ' 
takes  its  origin  partly  from  the  bone-marrow,  partly  from  thci  surfaee  of  the  bone. 
Cartilajje  and  bone  liHHue  may  be  associated  witti  the  peculiar  tumor  tissue,  and  for  this 
reas<»n  VitrJuyw  re>rarded  tbe  gr«»\vth  as  a  chondrtima  arising  from  n^malns  of  the 
spheno-fKxripital  cartilage  and  eharaeterizej  by  a  peculiar  vacuolar  degeneration  of  the 
cells.  The  peculiar  diameter  of  the  tissue,  however,  favors  the  view  advanced  by  U. 
MuUer,  and  recently  supp<irted  by  I^iftfj^it,  that  the  growth  is  a  product  of  a  prolifera- 
tive  activity  of  remains  of  tbe  ciiorda  {ehontoma).  It  is  probable  that  it  is  only  a  pe- 
culiar chomlroma  developing  from  tlie  endosteum  or  periosteum. 
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(f)  Osteimm. 

§  106.  The  term  osteoma  is  iipplied  tcj  tmiinrs  wliidi  ronsist  of  ohhvous 
tissue*  Such  growth.s  arise  eliieJiy  from  tlu^  b<*ne8  of  tlie  skek»tou  (Figs. 
2*10-2<I2),  but  may  develop  elsewhere. 

The  new  i^rowlL^s  of  boue  Jirisiiit;  in  eoDneetioii  with  the  skelet^m  have 
been  varioiLsly  designated  aeenitlio^  to  their  bx'atioii  and  rekitious.  A 
small  eireuni8eril)ed  new -growth  of  bone  attached  to  ohl  bone  is  eal  led 
an  odrophtfte;  wJien  of  a  larger  .size  a  nil  nuire  tiunor-like,  im  t^iimto.sU. 
Cirenmscrihed  formations  of  bone  inside  nf  bones  mx*  kmnxw  a.s  most  ones. 
New-^fry\^ibs  of  bone  not  attached  tti  uld  bone  are  chn^sed  a.s  follows: 
moviMe  perioHival  exosimeH,  whieh  ha\  e  their  seat  in  the  periosteum  but 
are  sc^parated  from  the 
bone;  ptirostml  ost^^omaUt, 
lyin^  near  the  bone;  dls- 
coHitt'*-f*'d  OKieonuihi,  wbieh 
are  sitiiatrd  simio  distatiee 
from  the  bone,  in  the 
miiseles  and  tendons; 
and,  linally,  hik'rop!m(ic 
osteomatu,  whieh  oeeur  in 
other  orpins,  as,  for  ex- 
ample, in  the  Inngs,  mu- 
cons  membrane  of  the 
trachea,  in  tlie  skin,  arte- 
ries, mamma,  elc. 

Exereseences  on  the 
t<n^th,  consist in^  of  ce- 
m  e  n  fc  -  s  n  I  >  s  t  a  n  c  e,  are 
known  iis  drnttd  osft't}- 
m  ftta  ;  t  li  <  ise  e o  n  s ist  i  n ^  id" 
dentine,  as  odontimHtfit. 

Ac4*ording  to  their  structure,  asteomata  may  be  divided  into  bard  or 
rburtieouH  oMfromata  {ofitrfmitt  duniiu  or  rhurvntm)  (Figs,  2*>0  ami  2'»2), 
and  Hotter  Hpon{/t/  forms  {onifuma  Hpothjimam  or  meduUitre)  (Figs,  2(J1  and 


'-^ 
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Tio.  asn.  — iTory-Uke  eioMortu  of  the  pnrietal  hope.    Na«ur»l  i 


COMA. 


395 


263).  The  former  ftoosist  of  Mriii,  compact  tissue  like  thai  of  the 
cortical   portion  of  the  loug  bones,  aud   pog8e88  ver5'  narrow  niitrietit 

canals  (  F!^^  2U2,  a);  the  latter  aiii  made  up  of  narrow,  delicate  bony 
traheeulib  and  wide  medidlary  spax*e8  (Fig*  263),  and  resemble  spongy 
bone  in  structure. 

Tile  surf JUH*  is  sometimes  regular  and  smooth,  so  that  the  whole  tumor 
presents  the  form  of  a  cone  (Fig.  2B0),  or  of  a  nphere,  or  a  pedunculated 
button ;  or   it  may  tie  irnc*gnlar,    rough,   and  nodular,   without  definite 
res«-mblanee  to  any  given  form  (Fig.  2til).     The  drst  variety  occurs  par 
ticylarly  in   the  eburneous  forms»  which  are  found  most  frequently  as 

exostijses  upon  the  skull  (Figs. 

_  260  #iul  2ti2);   the  latter  in  the 

u^iiJ^i^i^B^TA^^  spongy  exostoses  and  tiie  dis 

coiuiectiHl  and  heteroplastic 
4istet>maTa,  such  as  are  found, 
for  example,  in  the  fulx  of  the 
dura  muter  (Fig.  263). 

Ostt^omata  may  occur  as 
single  or  multiple  tumoi's,  the 
latter  mode  of  cK*curn»nce  being 
relatively  comuHHi.  The  ivory- 
like  exostoses  of  the  cranium 
and  the  ostetmiata  i»f  tlie  dura 
mater  are  \ery  frequeidly  of 
multiple  occurrence,  aud  circumscrib4"d  bony 
growths  often  apxKi'ar  in  great  uuudiers  on 
the  bones  ut'  the  extremities  and  trunk.  In 
such  cases  the  epiphyseal  ends  of  the  b<mes 
and  the  p<nnts  of  insertion  of  tendons,  or 
both  at  the  same  time,  are  the  favorite  seats 
of  develci^imod.  It  is  pnjbable  that  such 
growths  are  to  be  referred  to  an  inherited 
predisposition  of  the  part  affected  to  over- 
growth, or  to  disturbances  in  the  development 
of  the  skelettm.  At  times  a  hereditary  fac- 
tor can  be  di-monstrateiL  The  bony  plates 
and  spicules,  which  in  rare  cases  develop  in 
the  lung  or  in  the  mueoiLs  membrane  of  tlie 
air-paNsages,  may  also  occur  in  large  nnmbervS. 
The  development  of  the  houv  takes  place 
partly  through  the  format icni  of  oste«)blasts, 
as  descrilied  in  §  83,  aud  partly  through  uu4aplasia  of  formed  tissues 
(§  ^8).  The  matrix  is  fonm»d  (  hielly  from  the  connective  tissue  of  the 
periosteum,  as  well  as  that  of  the  tissue  fn>ui  which  the  osteoma  arises; 
and  also  from  that  of  the  perichondrium  andendostenm,  If  an  exostosis 
develops  in  sucli  a  matuier  that  cartilage  is  tirst  fiu*rn*^d  from  the  prolif^ 
eratiug  perit>stenm  or  Iwiie-marrow,  and  from  this  cartilage  bone  is  lat4*r 
devebjped,  it  is  called  a  cartUaginofif^exoHtomH  (Fig.  261);  when  the  exos* 
tosis  is  formed  din^cHy  from  ttie  proliferating  periosteum  without  an  in- 
termediate stage  of  cartilage,  it  is  known  as  a  eomuxiive'tlmue  e.wHfo»iM 
(Figs.  260,  262,  and  263  V 

The  combination  of  ct>nnective  tissue  and  bone  in  a  tumor,  in  such  a 
manner  that  the  connectivi' tissue  represents  a  chief  constitnent  of  the 
growth  and  does  not  simply  represent  the  periosteum  and  bone-marrow 


Flo.  dJL— Kx*wil»)»L^  rartllairitK'tt 
Radure'I  iitM>iil  uiitvlialf. 
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new-growth  may  develop   in   the  ptriosteuin   (Fi^.  264,  r)  or  in   the 

endostiMiiii  (tf>  6).     An  ahinidsiut  ft>riuatkn»  of  bony  tralieciiUt^  (/,  A,  fc) 
in  tilt*  ciirtiliifce  (e,  g,  i)  givi^s  to  the  tissue  a  firm,  haul  coiiHistenee. 

Many  fif  tbo  ii(»w-|jrf>\vths  of  bone  which  come  iiinh'T*  ohservatioii  are 
not  tuuiors  jjt  tlie  strict  sense  of  the  term,  hut  are  nial  format  ions  of  the 
skeleton  itr  liypcrplasias  resultiug  from  excessive  gro^vth  or  from  iiillam- 
inat  ory  1 1  r  n  v  e  s  s  e  s . 
Thin  is  fj-iie  particu- 
hirly  of  nmiiy  osteo- 
phytes and  exost  oses, 
and  aLso  in  jmrt  of 
the  parosto^eft  and  tlie 
disc  (» n  n  e  cted  o  8 1  iMj  - 
mat  a  (hone  fiMina- 
tions in  lynijili-^lands 
and  hingK).  The 
bony  plates  not  in- 
frequently fiaind  in 
the  fal\  of  the  dura, 
and  whifJi  have  a  nor- 
mal Lmjoc  '  m  arrow 
(Fig.  263),  are  to  be 
I'egardcd  as  niisplMCcd 
portions  of  tlie  sl<i»h^ 
ton.  Tlic-  fori  J  i  at  ions 
of  lione  kiNJwn  ;is 
rifh' I "'  fi  h o  ttf  and  (fi  ///  - 
bont\  which  are  fonnd 
in  the  addnctoi*^  of 
the  thigh  and  in  the 
deltuid  ninsclc,  as  the 
result  iif  riding  and 
the  repealed  shoul- 
dering of  arms,  are 
to  be  regarded  as  tu- 
mors, which  deveh»]> 
from  a  eunfftuital  aulage.  in  that  the  connective  tissue  of  tlie  musi'le 
shows  charaeterislics  whicli  ordinarily  lielong  only  \n  the  periosteum 
and  bone- marrow.  The  so  called  mtfttsifi.s  os.sifimnj^—n  |>ecnliar  disease 
of  the  muscles,  characterizetl  l)y  a  progressive  ossiticat ion  of  their  con- 
nective tissue  during  childhood — is  to  be  similarly  interi>refe«h 
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F\ff.  38fi4,-08U>iocbondroma  of  tfae  humeruft  (aloobol,  jtkrir  iirVi  h«- 
mauixylin,  CAnnliwik  fi.  Cortical  portion  of  thf  tiurncTT  -  '  -  'il. 
lary  cavity;  r.,  pertoeteal  ii»'iiH>sit  of  Imhj^;  iK  nurrfinl  njiv.  ^; 

f,  rUtat^d    Havurstat]    ranub  nil<ni  wUli  tiirKliiirt ,  »'»iji  ly 

formtfl  bone  al /:  (/*  rartjiliiir**  with  lK4j.e-lnit»rt'.uliv/K  ("nn' -i  i'>  iiie 
peTJcBitt-uin ;  *,  partlla«r»'  Htth  ntwly  ffJODixl  bonivtraberDlfts  ailHing 
tvntiu  lilt* <-ufi<j«*ti;^ mil .;  /»,  ^  <*h\  hum*  traiK^nilcn;  ni,  remains  of  ouutow- 
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(/)  Iltrmanffiomu  and  Jjymphungioma, 

g  107.  Under  the  term  angioma  are  grouped  those  tumor-like  fotmn- 
tmnft  in  the  stnteture  of  irhich  blood-veMds  or  lyinphvemeU  comditute  &}ick  an 
impo  riant  part  a»  to  deter  mine  the  charaeter  of  ike  turn  on 

Vascular  tu  morn  aris  J  lig  from  blood-vessels  an*  called  hfeifiangiamata, 
or  an§iovi4ita  in  tiie  restricted  .sense  of  tbe  term;  thuse  arising  from 
lymph- vessc^ls  are  designated  lymphangiomata*  Bneli  tumoi-s  for  the 
greater  part  represeut  forniiitions  which  may  1>e  regarded  as  malfonna- 
ti&tw  of  a  more  or  less  extensive  vascular  area.  Of  the  htemangiomata 
there  iiiay  be  distiogiiished  fonr  chief  varieties;  hmmanf]fioma  mnplex, 
ha^mfinf/Hfma  Ciwermwum,  hwrnaiii/iomahifpcrtrophicum,  and  fffifjioma  arteriale 
racemosditL 

A  h^mangioifia  simplex  or  teleangiectasia  is  a  tissue-formation  in 
^hicb,  within  a  ground  tissue  of  normal  occurrence  in  the  body,  there  10 


<M 


Fio.  306.— Teleaugtoctaalii  Df  (be  pannlf'ulufl  Mllposiifl  of  tbe  abdominal  wall  (formiUtn,  hsBtmitoxilii}.  eostn). 
CI,  Blood-vessels  Hied  wftti  blcNix] ;  h,  adipose  Ussue.     X  SO. 


found  ail  abnonnal  inereafie  in  the  Jtuvtljer  or  in  tlie  size  of  the  capiUnnes  and 
vmn^y  whose  Htriteture  in  puii  in  eHHentintbj  ehanged. 

Such  formations  occur  most  frequently  in  the  skin  and  subcutaneous 
tissue.  They  are  usually  congenit^il,  but  iucreajse  in  size  after  birth. 
They  are  designated  vascular  naevi,  and  ai*e  often  found   in    places 
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where  fetal  clefts  have  closed  (JtJifniral  anffimtmta).  Of  a  tumor  in  the 
ordinary  sense  it  is  often  .seurcely  possible  to  speak,  since  the  skin  may 
show  no  tumt^r-like  ek»vatioii.     On  the  other  hand,  there  occur  extensive 


\:\ 


Tio.  206h^I>Uated  capUluliis  of  a  t«1eaii|rfectatkT  tumor  at  Ibelirain,  Isolated  from  a  poiiioaot  tumor  bf 

tuetma  of  shaking'    ^  ^^< 


teleangiectases  of  the  skin  and  snhcntaneons  tissne,  pres<'ntin^  either  aa 
cirenmserilKMl  growHis  or  as  thii,  occasionally  nodular  thickenings  of  the 
skin,  which  may  with  pruiiricly  hi^  lerUHMl  Inmors.  The  smooth /<<rrM« 
Vftm'ifJ4mifit,  on  the  oUhm- hand,  siiii»ears  nsan  cxlensivesn|>rrficial  snlistitu- 
tion  of  the  skin  liy  UMothrr  tissue.  The  color  of  the  allVcted  portion  of 
the  skin  is  ei!lier  hrhjht  red  (^na;ruH  Jiatnmmff)  or  bluMred  (mvtuft  riuosuH), 
The  line  of  deniarcaHon  betwt?en  the  normal  and  alVected  skin  is  usu- 
ally not  a  sharp  one; 
annnal  the  edp*  and  in 
the  neighlKu^hond  of 
liie  chief  ait*a  of  dis- 
coloration Miere  are 
often  found  little,  cir* 
cum sc r i  1  >cd  rt^d  sj Htta 
api>ea.rin|^  as  outruU' 
uers  of  the  process. 

Th(*  red  cohjr  is  dne 

to   the    dilated    l»hKHi- 

veasi*la  whicn  are  situ- 

ated  eitlier  in  the  cor* 

inm  or  in  the  snlicutaneouR  fat  tissue  (Fig.  205,  a) ;  ami  ctises  occur  iu 

which  hirp^  an-iis  of  Uic  suht-utancons  adip*iN*  tissne  prcsmit  a  i-ed  ap- 

peamnce  as  ;i  r«*sult  of  (he  pathological  development  of  blood- vessels. 


ric.  3itT.    Anji?li>ina  ojivt^nKiMum  cutAtieiim  i'OPfir**nliuTn  (MQIIer-i 
ftuliU  lupmaUixyltu,.    a,  Epidurnilii;  /^corlum;  r,  caveruuus  UhvMl 
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.  .^/es,  there  occur  sim- 

.fia),  bones,  brain  (Fig. 

.  -N^ot  infrequent])',  on  the 

diar  changes  in  tumors,  a& 


yriually  abundant,  are  isolated, 

.    ;,  or  also  the  small  veins  {anguwia 

.:^ ///luted.     These  dilatations   (Fipf- 

;v^V/indrical,  but  may  be  ssircular  or 

^^*' '^/dilatation  may  be  eonibiiu^d  in  the 

r&^/Iatod  blood-vessels  are  united   with 
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..jj^^Dfrioina  (.-avernosiiiii  IieiHitIs  (MAlh>r\s  fluid,  hipmatoxylln,  eoKin).    a.  Liver  tissue;  b,  angl- 
fgg.  *^    *  oititt.      *.  IIKJ. 

^1,  other  by  ciipillaries  of  normal  size  or  of  moderately  increased  cali- 

?Jp^     TIm*  walls  of  the  vessels  are  thin — that  is,  in  comi>arison  with  nor- 

jgl  eai>il^i»»ies  thry  are  but  sli}j:htly  thickened. 

\    haemangioma    cavernosum    or  tumor    cavernosiis  is  a   vajucular 

tumor  rnnsifithiff  vanvnthilbj  of  a  vuvcrnouH  Hpongy  ti^tJiue,  whose  struct  ure 

gnggcstslliat  of  the  eorjuis  cavernosum  or  spongiosum  oif  the  x>enis  (Figs. 

2iu  and  LMiS).     Through  the  filling  of  the  spai*es  with  blood  these  tumoi-s 

prest'iit  a  bluish-red  or  dark  red    olor. 

The  caVt^rnous  angioma,  like  :he  angioma  simplex,  oceni's  chielly  in 
the  skin  (Fig.  267,  c)  and  suIkmi  ineous  tissues,  where  during  the  i)eriod 
of  dev4*loi)ment  it  api)eai*s  as  a  pathological  formation  of  the  vasc*ular 
syst<*ni.  At  times  it  forms  only  a  small  bluish-red  spot  (^mrrus  rajiculosus 
i^imtsfis);  at  otlier  times,  a  smooth,  elevated  (Fig.  2<)7).  or  slightly 
nodular  bluish-red  wart  (war// .s  rfismlosus  promt nru^,  vrrniai  rasrulofta)] 
or,  tinally,  a  circumscrilx'd  l)luish-red  discoloration  or  thickening  of  the 
«kin.  In  the  event  of  an  extensive  development  of  cavernous  tissue  in 
^e  subcutan<;ous  or  intermuscular  connective  tissue,  there  may  i"esult 
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'\-i  amf   elephant kwm-Ukfi  flmfigto'nHmin   of  portions   of  ihe  body 
hi!  /itatNfiomatosti). 

^'  iMKly  the  oiLVPniuim  aii|^ioiiiu  Ls  foiiiiil  iikisI  comiiionly 
Xj^.   26iS,  a,  /*),  but  may  tlevelop  also  in   other  organs: 


Ci^ 


—Angioma  simplex  bjrpertrophicum  (formalin,  haematoxylin).    a,  Vessels  containing  blood;  /#, 
empty  and  o«>ilap9ed  thick-walled  blood-vessels  rich  in  nuclei,    x  100. 


^^^^"^ey,  spleen,  intestine,  bladder,  bones,  muscles,  uterus,  bmin,  etc. 
c^^^  '^  lie  liver  it  appears  in  the  form  of  dark-red  areas,  varying  in  size 
^^^^Xi  that  of  a  pin-head  to  several  centimetres  in  diameter.  They  take 
t^^^    place  of  the  liver  tissue,  and  are  not  elevated,  or  but  slightly,  above 

^^  liver  surface. 
-^^  The  width  of  the  blood  spaces  and  the  thickness  of  the  trabeculaB 
"^^X^y  greiitly  in  different  cases;  the  angioma  maj^  in  portions  or  through- 
out be  composed  of  fibrous  tissue, 
in  that  more  fibrous  tissue  was  formed 
in  the  beginning,  or  fibrous  prolifera- 
tions have  taken  place  later  as  se- 
quelae to  the  thrombi>sis.  The  blood 
spaces  are  lined  with  endothelium ;  at 
times  smooth  muscle-fibres  may  be 
demonstrated  in  their  walls,  and  the 
interstitial  tissue  is  often  rich  in  ehis- 
tic  fibres  (Briichanow).  The  tumor 
is  usually  sharply  outlined  from  the 
neighboring  structures  by  connective 
tissue.  Usually  no  liver  cells  are 
found  in  the  trabecular,  but  varieties 
do  occur  in  which  the  latter  in  part 
enclase  such,  and  in  which,  further, 
the  blood  spaces  here  and  there  pass 
over  into  the  liver-capillaries,  such 
a  communication  ordinarily  not  taking  place. 

The  cavernous  angioma  of  the  liver  occurs  in  old  individuals,  and  also 
in  infants  and  children  of  different  siges,  and  not  infrequently  is  of  mul- 

26 


Fig.  27Ql— Angioma  simplex  hypertrnphlcuni 
cnianeum  et  suhcutaneum  (alcohol,  carmine). 
In  tbe  middle  of  tlie  section  is  the  duct  of  a 
sweat^glaiid  cat  transversely,    x  301). 
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More  rarely  than  in  the  skin  and  subcutaneous  tissues,  there  occur  sim- 
ilar angiomataiu  other  places:  in  glands  (mamma),  bones,  brain  (Pig. 
266),  and  spinal  cord  and  their  membranes.  Not  infrequently,  on  the 
other  hau<l,  tliere  are  found  analogous  vascular  changes  in  tumors,  as. 
for  example,  in  gliomata  or  sarcomata. 

If  the  vessels,  which  are  usually  abnormally  abundant,  are  isolated, 
it  becomes  evident  that  the  capillaries,  or  also  the  small  veins  {anffioma 
simpJex  i'(^omim),  are  more  or  less  dilated.  These  dilatations  (Fig. 
266)  are  either  spindle-shaped  or  cylindrical,  but  may  be  saccular  or 
spherical,  and  the  different  forms  of  dilatation  may  be  combined  in  the 
greatest  variety  of  ways.     The  dilated  blood-vessels  are  united  with 


Fio.  2iV<.— Anf^loma  cavernosuiu  lier>utis  (Mdller^s  fluid,  lucmatoxylin,  eosiii).    a.  LWer tissue;  b,  angl- 

onia.    X  KX). 

each  other  by  capillaries  of  normal  size  or  of  moderately  increased  cali- 
bre. The  walls  of  the  vessels  are  thin — that  is,  in  comparison  with  nor- 
mal capillaries  they  are  but  slightly  thickened. 

A  haemangioma  cavernosum  or  imnor  cavemosm  is  a  vascular 
tumor  conHisiing  cHsentmUy  of  a  cavernous  npongy  tissue^  whose  structure 
suggests  that  of  tlie  cori)us  cavernosum  or  spongiosum  of  the  i)enis  (Figs. 
267  and  268).  Through  the  filling  of  the  spaces  with  blood  these  tumors 
present  a  bluish-red  or  dark  red   olor. 

The  cavernous  angioma,  like  :he  angioma  simplex,  oceurs  chiefly  in 
the  skin  (Fig.  267,  c)  and  subcu  jtneous  tissues,  where  during  the  period 
of  development  it  appears  as  a  pathological  formation  of  the  vascular 
system.  At  times  it  forms  only  a  small  bluish-red  spot  (nasvus  vasculosus 
tnnosus) ;  at  other  times,  a  smooth,  elevated  (Fig.  267),  or  slightly 
nodular  bluish -red  wart  (nwviis  vaaculoHus  j>?aw«w^^w,  verruca  vasculosa) ; 
or,  finally,  a  circumscribed  bluish-i-ed  discoloration  or  thickening  of  the 
•kin.  In  the  event  of  an  extensive  development  of  cavernous  tissue  in 
"4ie  subcutaneous  or  intermuscular  connective  tissue,  there  may  result 
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f*'""*^      ■  in  *l.U-1v  til*-    ; ' .     f,,,tUer. 

T"^"  over  "»<"  ^^^  ..,1^ 

•  -..ion  orditwvnly  "1.  liv^v  «''"'T  '",    ufrenuently  i»«' 
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ti|ile  oernrreiK***.  It  ih  ]>ni]nibly  rjiiisetl  by  ^  lorjil  disturbaiico  of  de- 
\i^Iii|niu^iil,  wliieh  pi'iK^tHMls  from  (ht^  vi'ss*-ls  of  Glissotrs  eiipsitli*  or  frnui 
tilt*  i«i1ni-:ic»in(Mis  rapiJlaries;  ami  is  rhanirteri/ed  by  au  almnrnial  fb*- 
velojMiiciit  t»r  tilt*  I i1<mm1  vessels  at  thf^  expeiisi^  iif  tiio  other  tissues.  The 
j^rowtli  irt  slow  and  Hmitrtl ;  intliiiarily  tlie  liv(*F-c'elIs  in  tlio  iuiijunliate 
nei^Ubinhoud  s!io\v  no  slf^iLSof  il**;4riuTatioiK  Dm  iii*^  tin*  pori^wl  nf  raf*id 
grow  I  h  (  Briidianow  ),  tlien;  may  orcasioiially  l>e  deinrnistraled  in  rhiblroii 
the  prrst'nrp  at  tlio  jH^ripfjfry  of  the  j^niwth  of  a  rellnbir  j^rainilation  tis- 
sue, iu  which  tlio  blood-vessels  eoiisist  of  delit*ate  eiuiothelial  tubes  b liv- 
ing a  narrow  bimeii. 

The  hieniangioma  hypertrophicym,  in  its  most  tyi>ical  form  {hwrnan- 
(fto m (t  A / mplf\ r  hifpni roph fnt m  ) ,  o* ■  t ' uvs  i ii osi  f r t m p h m 1 1 1 y  in  the  skin  a i id 
sahentaneinis  tissues,  when"  it  forms  eirenniserilted  notbiles  similar  iu 
part  to  the  soft,  smoofli  wails.  The  i»atlNjluj^ieally  alti^refi  vessels  niaj' 
lie  in  the  papillae  and  eorinm  as  well  as  in  the  sulH'ntaneou.s  tissue,  uud 
eUher  form  uarrow  tubes  tilled  with  blood  (Figs,  2G9,  a,  and  270),  the 


m 


Fkj,  271.— ARirinma  cttvnriKTiiuiJi  hyptTtroplilriim  (anjflwiifMhpltonml  of  the  akull-oup  <^MQller's  fluid, 
hsmutoxvllny.  m,  HkMMl-vt'UMel  wdh  llntit^ueil  euil<iUiellutii ;  h,  blood-VKs*!!  wjlli  euhlrul  and  ovjtmtricaj 
i-u(lutrii*]luiis.    X  '^K 


walls  of  whieh  are  more  or  lesw  thiekened  and  abnonually  eel  hilar,  or 
<*lse  solid  eru'ds  4if  eells(Fif^.  2*i9,  fn,  wbieb  are  either  eol lapsed,  thiek- 
waOed  vessels,  or  po8S<*ss  no  lumen  what  eve r» 

In  very  rare  eases  it  happens  that  in  aii^ioniata,  whieh  from  (be  eali- 
hre  oi  the  vessels  bear  the  eharaeter  of  eavernons  angioumta,  there  oeeui-s 
a  hyp^*rtn>phy  of  I  be  vess<4' walls;  and  this  hyi»ertrophy  is  due  to  the 
fact  tliat  the  Hat  endothelial  cells  beettnie  changed  into  cubical  and 
cyliudneal  ceils  (Fig.  271,  h),  Hin-b  a  tuuior  may  be  ehi^ssed  fis  an 
ftttf/iottKf  f*(frf'niosHtn  hifpniropiik'nm,  or  as  a  htoodrfftfiri-rtidotih'fhmff,  or 
hamtutffktifie  endoihrfioma  ;  the  last  lerm  bebig  in  partif-ular  applit*ab]e 
when,  as  a  result  of  tlKMnarked  pr(*lilVratioii  and  undtiplicatiou  of  the 
endothelium,  there  are  priKbieed  ni*sts  o(  large  cells  which  till  up  the 
iiloiHl-vessi^ls  (compare  EiHltitln^lifuna,  gg  114  and  115). 

A  cirsoid  aneurism,  or  anj^ioma  arteriale  racemosum,  or  angioma 
arterlale  plexilorme  (Fig.  272),  is  a  condition  in  wliich  the  arteries  of 
au  entire  ^'asciilar  area  are  dkafni,  tortuouH,  aud  thk'kened,  so  that  thei^  is 
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i>eeaIso§  116. 

§  108.  Ansrioma  lymphaticum  or  lymphangioma  is  a  tumor  com- 
posed  of  a  tissue  the  greater  part  of  which  is  made  up  of  dUated  lymph- 
vessels.  The  foiiowiug  differeut  forms  may  be  distiuguished :  lymphan- 
gioma simplex  or  teleatigiectasia  lymphatica  (Fig.  27.3);  lymphangioma 
cavemosum  (Pig.  274);  lymphangioma  cystoides;  and  lymphangioma  hyper- 
trophicum.  The  cavities  of  these  tumors  usually  ooutaiu  a  clear,  light- 
colored  Ij-mph,  but  more  mrely  it  is  milky  and  contains  lymphocytes, 
mononuclear  and  poly  nuclear  leucocytes,  and  usually  also  eosiuophile 
cells.  The  wnlls  consist  of  connect  ive-Hssue  trabecular  of  varying  thick- 
ness and  containing  more  or  less  involuntary  muscle ;  the  spaces  are  lined 
with  endothelium. 

In  the  lymphangioma  simplex  (Fig.  27."^)  the  lymph-vessels  of  a 
more  or  less  extensive  area  are  dilated  and  their  w^ls  for  the  greater 
part  are  thickened.     In  the  cavernous  lymphanj^omata  the  numlier  of 


Fin.  273.-We«'plng  8ubepitb(;lial  IjmpbanKioma  of  the  skin  (alcohol,  carmine),    a,  Coriuiu  :  ?»,  epitbfliiim 

c,  c/,  b-nipb-spacfs.     X  14. 

lynipb -vessels  is  still  greater,  their  spaces  are  larger,  and  the  intervening 
tissue  is  less  abundant,  so  that,  even  to  the  naked  eye,  the  tissue  presents 
a  spongy  ai)pearaiice.  The  cystoid  lymphangiomata  contain  cysts  vary- 
ing in  size  from  that  of  a  pea  to  a  walnut.  The  tissue  between  the 
dilated  lyinpli- vessels  consists,  according  to  the  location  of  the  tumor, 
either  of  connective  tissue  (Fig.  273),  fat  tissue  (Fig.  274,  c),  muscle,  or 
some  other  tissue.  At  times  nodes  of  lymphadenoid  tissue  may  be  en- 
closed (^),  and  may  present  evidences  of  active  proliferation. 
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Lympliaii^ioiimtu  luv  sometimes  congeiiitai ;  tit  other  times  they  make 
their  Orsl  appejuaiH'*-  *tt  ii  later  iieri^Hl  ul  lilV-. 

The  rou^piiitiil  loi-ms  m-vuv  paitit^nlarly  as  (liflfereut  varieties  of 
ectasia  nt'  lyaipli  vessels,  aiul  are  fun i id  ehiefly  in  tlu"  tHii^ue  ( macro- 
f/hmift  h  pahital  areli,  lips  {umrrorhfifhf},  skin  {ttavu^  Ii/mpfntfifiiM)^  sub- 
eutaiie<»us  tissue,  in  the  ueek  {lu/f/romti  eolil  amgrniium),  vulviii  etc.  The 
fyntphaiit/iitwatii  of  the  nkin  spread  over  imire  or  h*ss  extensive  areas  of 
the  skill,  and  form  either  smooth  or  irregtilar  elevations  of  the  same,  Jt 
tlie  UUhmI  vessels  are  numerous  the  growth  nniy  have  a  red  cuhir.  The 
rnptuR^uf  dilated  lymph -vessels  lying  immediately  henealh  tlieepithe- 
linm  (Fig.  li^*?,  '0  niay  give  ris4*  to  a  moist  condition  of  the  suifaee  and 
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eventnally  to  a  lym]»Iiorrh<pa,  The  extension  of  the  eavernons  deveh^p- 
nn-nt  of  the  lymph- vessels  <^ver  large  an»tLs  o(  the  skin  and  snbentaiieous 
tissne  may  givi*  risi*  to  rJiphitfitrnm^fih'  tftHfu/nnttiofts  of  tin*  part  aftVeted. 
N<»t  infreipiently  the  intervening  eonneefix  e  tissne  also  takes  part  in  the 
hypertrophic  growMi,  or  ttieredeveh>ps  a  iihrons  elephantiasis  in  eonnec* 
tion  with  lymphangiectasia, 

1 1 1  m  re  cases  <  *  h  >*  1  e  -  *  h>  n  t  a  i  n  i  n  g  g  r  t  nv  t  h  s  (  rftt/la  mjiomit  fn  )  a  re  f o  n  n  d  in 
the  intestinal  wall  or  mes^'iitery.  ( 'psi ir  h/mphitnt/hmttta  iivi^ 'A]sa  \timi\l 
rart'ly  in  the  p^rfttmrum  as  jMnlirled  cysts. 

The  pathological  format itnis 'whicli  may  he  ehtssed  as  hypertrophic 
1ymphans:iomaia  repn*sent  i^eenliai'  ehang**s  of  the  skin,  which  are 
either  congenital  or  d<*vehip  in  early  yonth.  They  are  eommonly  known 
fis  jdgment**<l  moles,  lentigines,  freckles,  and  tleshy  warts. 

The  pifpneuff'tl  molts,  uv  jHfrlpi'f/mrufofii,  or  inrlminmata,  form  larger  or 
smaller  smooHi  areas  which  are  mtt  elevat^Ml  aiH»\e  Ihe  general  surface  of 
the  skin  {  Ntmts  xpilitH),  or  pj-oniiruMd  warty  gr^owlhs  (  mvrtiH  promhirm^ 
furntx  rrrtutroHus),  Wlicn  eovercil  with  hair,  as  is  trefjnently  the  ease, 
they  are  called  lun'rif  ntohx  ( n(rni.H  pifoMffH),  In  color  they  aix*  usually 
light  brown  ur  dark  brown,  or  even  black  (Fig'  -"5) ;    and  ai-e  usually 
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covered  by  epidermLs  of  uoniiul  Ihirk- 
tiess,  more  nirely  by  hyiu^rl ri>iihii^  vyn- 
tiielium.  They  lire  usually  snialJ,  but 
may  Im?  as  large  fis  the  {>ahu  *if  the  baud, 
or  iiiuler  eertaiu  eoudiliuus  may  cover  a 
Inr^e  |>art  of  (he  bodi^'  surface. 

Lcf(fif/i/tt'H  a])p(*ar  at  any  time  after 
birlli,  and  upon  any  p*irt  of  the  budy 
surface;  and  wheu  ouce  f<irme<l  they  re- 
main for  life.  They  form  sharply  eir- 
ctimscrilied  yellow  to  Virowuisli  -  bbu'k 
spots  closely  resembliu*x  the  little  pi^- 
uientetl  nani;  and  vary  iu  size  from  tl»at 
f>f  a.  piulu^iid  to  that  of  a  lentil. 

Frf'rkk'fi  or  cpheUileH  are  small,  irref^^u- 
hirly  outliued,  serrated,  pale-brown  spots, 
which  are  not  elevated  alHtvc  tb**  surface 
r>f  the  skiu,  Tbry  occur  iu  youn<^  imli- 
viduals,  i>articularly  ou  the  face,  bauds, 
and  arms,  rarely  on  other  portions  »)f  the 
body  ;  and  may  either  reuiaiu  prnnaueiit  ly 
or  disappear  after  a  longer  or  sluuter 
time.  The  pigmentation  is  favored  by 
exposure  to  sunlight. 

Flesh  1/  molra  (  rrrmrw  efiniefr)  aie  non- 
Tn'gmeuted,  circnmscrilM*d,  snuMith  ( Fi;^. 
27*5)  or  slightly  irregnhir,  or  uu^re  rough 
aud  papillary  (Fig.  27N)  prondnenrcs  of 
the  skiu,  over  which  the  epidennis  is  at 
times  normal,  at  other  tinies  sojuewhat 
liyperlrophic  (Fig.  278,  f?). 

In  all  of  the  pathological  fornuttions 
just  deserilTcd  the  connect  ive-t issue  fniuic- 

work  euc  loses  vofleHiom  of  fHfjt^  vHlwv  iu  rouiui  or  cord  dike  masses 
(Figs,  :j7n,  L'77,  278,  d,  dj]  whh'h  lie  partly  in  the  papilbe  and  partly 
ill  the  curium;  aud  are  the  more  abuudaut   the  more  the  growth  pro- 
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of  the  cells) ;  though  often  the  pigment  lies  chiefly  within  the  connec- 
tive tissue  cells  of  the  fibrous  portions  of  the  growth. 

The  cells  of  the  cell-nes'.s  ai-e  relatively  large  (Fig.  277),  possess  an 
abundant  protoi>la8ni,  and  a  bright,  bladder-like  nucleus.  Their  i)osi- 
tion  and  appearance  justify  the  assumption  that  they  repi*esent  theprod- 
%ictH  of  the  proliferation  of  the  endothelial  cells  of  the  lymph-vessels.  In 
raider  cases  similar  formations  arise  from  the  blood-vessels  (haimangioma 
hypertrophicum).  Accordingly,  it  would  seem  proper  to  class  these 
growths  with  the  endotheliomata  or  lymphangiosarcomata,  but  their  lim- 
ited growth  makes  their  classification  as  lymphangiomata  more  appro- 
priate (see  §  114).  Tlie  cell-nests  of  the  hypertrophic  lymphangioma 
may  in  part  spread  out  more  diffusely  through  the  tissues  (as  is  the  ciuse 
with  the  hypertrophic  hemangioma),  so  that  the  peculiar  structure  of 
the  growth  may  be  lost.  In  rare  cases  there  may  develop  a  combination 
of  hyi>ertrophic  lymphangioma  and  lipoma. 

Vnjia,  Kromayer,  Delbaneo,  aud  Marcliand  hold  tlie  view  that  the  cell  nests  of  the 
cellular  nnevi  are  of  epithelial  origin,  and  represent  misplaced  poitions  of  the  surface 
epithelium ;  and  Kromayer  goes  so  far  as  to  assume  a  metaplasia  of  epithelium  into 
connective  tissue.  Preparations  showing  the  first  stages  of  tlie  development  of  na»vi 
are  not  accessible  to  me;  but  a  thorough  study  of  mevi  and  fleshy  warts  of  a  later  stage 
does  not  show  any  connection  between  the  cell- nests  and  the  epithelium ;  and  conse- 
quently I  hold  tlie  opinion — notwithstanding  the  investigations  of  the  above-named 
atithors — that  the  view  given  above  in  the  text,  in  reganl  to  these  nafvi  and  fleshy 
warts,  harmonizes  most  perfectly  with  their  anatomical  nature  and  clinical  belmvior, 
iKith  in  their  fully  developed  condition  as  well  as  when  they  undergo  a  transformation 
into  malignant  sarcomata.  That  in  individual  cases  the  cell-nests  lie  close  to  the  epi- 
thelium is  no  proof  of  a  genetic  relationship,  since  the  ordinary  lymphangiomata  also 
lie  close  to  the  epithelium  (Fii;.  273,  d). 

According  to  investigaticms  by  Jadat^thn  and  Lam  the  cellular  wairts  can  be  trans- 
planted from  one  imlividual  lo  another  by  an  intra-cpidermoidal  inoculation  of  cell- 
masses. 
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^  109,  A  fnyoma  is  a  tniiior  ro insist  iiig  <»ss*'iilially  of  unci t/ form f^tl 
mnsdc'Ubrf'H,  Ai-ronling  to  the  natiin*  td*  Uh*  imiwnilur  tdeiuuiits,  myo- 
msrita  ar«*  divided  into  Ifiomifmnttfft  fornicd  f»f  luinfriprtJ  mitHvh\  and  vlmhtht' 
mtfitmafff  (*tnn])os4'd  id  atrijfrff  mitHvle, 

Thi^  ieiomyoma,  or  nttfihtt*t  hrnrrlhthnT,  occurs  most  freiiueiitly  in  llu* 
atertusi,  more  rarely  in  IIh'  tiiln/s,  yt4*riia*  U^anicnts.  labia   inajora,  inus- 
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cularisof  the  ^^asim  inii'slia:il  hart  and  iirinary paRsafi^e.s;  and  may  form 
spherieuK  nodidar  tuniiirs  of  vjiryiti^  size.  Jn  rare  eases  it  is  ftnind  also 
III  the  skin  and  snbentaiieoiis  tiivsuei^i,   forming  in   tliis   loratiou   small 
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iMxiules  ocoaKionally  rt*aehing  the  size  of  a  pigeon's  e^^,  Leioinyoniata 
oceui"  an  either  sin^^le  or  multiple  tumors;  aud  may  ajipi^ar  during  child- 
hood,  or  even  devehip  under  eertaio  eoiiditious  duiiiij^  intrauterine  life 
(Mare). 

In  museidar  organs  tlie  new-growth  proeeeds  fnjtn  tlie  nuLseularis, 
find  f*irms  daring  it.s  dcvehvpinent  bundle*^  of  niuseli*-iihres  (Fig.  279) 
whieli  are  interwoven  in  dill'erent  direclions,  and  consetpiently  pr'e.seiit 
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Fir*.  *J»».— Anirlomyoma  sub^M.:..!,.  l^,,,  s,  .....  i  alcohol.  ftawiRtoxylln^  eo8ln)«  {h  CuTenioiw  b1oo4-ves- 
eelR;  ^,  sttnandH  of  muMcle  rut  iorij^audlnuMy  ;  r^  oitme  vui  iraoBverwIyt  f'.  ronnecllve  tissue  i  ic,  artenr 
wtth  liypi^ftmphlc  nuiiiouliiiiif ;  /,  group®  of  lymphoid  i-ellu.     X  M. 


in  seetions  a  variety  of  pietnrea  aeeording  to  the  direetions  in  whieh  the 
bundles  are  cut.  Myomata  of  the  iitenLs  may  eontain  included  nteriue 
glands.  Those  develoinng  in  the  doi-sal  wall  of  \\w  body  of  the  ntt^rus 
and  near  the  angles  of  the  tutw^s,  or  in  the  inguinal  region,  may  eontain 
a  varying  number  of  gland  tubules  whieh  arisi*  from  the  Wolffian  bndy 
(von  Uet'klinghnu.si^n ) ;  such  tumors  maybe  designated  adenomifomnto. 
They  are  distinguished  from  tlie  ordinary  spherieal  my*anata  whieh  ai^ 
sharply  eirenmserilied,  by  the  faet  that  their  houudaries  are  not  shaiply 
defined.  Eventually  Bona*  of  the  glands  nniy  beeome  eystie  as  the  result 
of  the  aceuniuhitiou  of  stHTetious.  x\eeording  to  Kieker,  PfannenstieU 
^nd  olliers,  the  ordinary  uterine  myomata  as  well  as  those  of  the  vaginal 
vault  may  also  contain  epithelial  tubes,  whicli  probably  owe  their  origin 
to  inelusious  of  portions  cd'  the  duct  of  Miiller,  lu  the  skin  and  suIr'U- 
taneouH  tissue  the  newfonnatir^u  of  mus*'h*- fibres  prm^eeds  in  the  first 
plnee  from  the  museularis  iif  th(^  vesscds  {  Fig.  280),  whieh  thereby  tve- 
etnue  thiekened  (a),  and  at  the  same  time  give  rise  to  free  strands  of 
mus<jh"- fibres  (//).  A  pathological  new-format iou  of  bhK>d-vess*»!s  may  l>e 
associated  with  that  of  muscle  {n),  so  Ihal  tumors  arisc^  wljieh  are  di-sig- 
imii^l  aw fioiH^onuita  (Fig*  licSO),     Aeeording  to  observations  b^^  Ja^lassohu 
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and  others,  multiple  myomata  of  the  skin  may  take  their  origin  either 
from  the  arrectores  pilorum  or  from  the  muscle -cells  of  the  sweat-glands. 

A  certain  amount  of  connective  tissue  always  takes  part  in  the  for- 
mation of  a  large  myoma,  and  often  assumes  such  importance  that  the 
tumor  may  with  propriety  be  called  a  libromyoma  or  myofibroma.  For 
example,  the  majority  of  the  uterine  myomata  are  fibromyomata.  The 
fibrous  connective-tissue  portions  of  the  tumor  appear  glistening  white, 
the  muscular  portions  more  reddish- white  or  clear  reddish-gray.  The 
spindle-shaped  muscle-fibres  may  be  isolated  by  teasing  a  bit  of  the 
tumor  or  by  maceration  of  the  same  for  twenty -four  hours  in  a  twenty- 
per-cent  nitric-acid  solution  or  for  twenty  to  thirty  minutes  in  a  thirty- 
four-per-cent  solution  of  potassium  hydroxide.  In  longitudinal  sections 
the  muscle-fibres  are  most  easily  recognized  by  their  rod-shaped  nuclei 
(Figs.  279,  280),  as  well  as  by  the  regular  structure  of  the  cells  in  bands 
or  strands.  In  cross-section  the  muscle-cells  appear  as  small  fiatt>ened 
cells  containing  in  their  centres  the  transversely  cut  nuclei  (Fig.  279). 

The  leiomyomataare  benign  tumors,  but  often  reach  a  very  large  size, 
and  sometimes  undergo  a  sarcomatous  proliferation  and  set  up  metastases. 
The  muscle-cells  themselves  may  change  their  character  and  proliferate 
or  the  intermuscular  connective  tissue  may  take  on  a  sarcomatous  pro- 
liferation. In  fibromyomata  of  the  uterus  there  not  infrequently  occur 
fatty  degeneration  and  softening,  which  may  lead  to  the  disintegration 
of  the  tumor  or  to  the  formation  of  cystic  cavities.  Calcification  and 
bone-formation  may  also  occur.  Through  degeneration  and  atrophy  of 
the  muscle-fibres  a  myofibroma  may  become  transformed  into  a  fibroma. 

A  rhabdomyoma  (Zenker),  or  myoma  strioceUulare  (Yirchow),  is  on 
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no.  281.— Cells  from  a  rhabdomyoma.    (After  Rlbhert  and  Wolfensbersrer.)    a.  h,  c,  c.  Strfated  nbrea 
of  vanrlDg  thickness ;  ri,  slender  nucleated  fibre  without  striatlon;  r,  spindle-cell  with  longitudinal  strla- 
tloD ;  /.  gpindle-cells  with  longitudinal  and  transverse  striation ;  (/,  splndleK;ell8,  without  striation,  witli 
1  prooeases ;  /i,  i,  round  cells  with  concentric  and  radial  striaUon. 


the  whole  a  rare  tumor.  Its  most  characteristic  feature  is  the  presence 
of  striated  muscle-fibres,  which  in  part  are  fully  developed  and  in  part 
undeveloped.  When  well  developed  the  muscle-fibres  form  multinuclear 
bands  of  varying  width,  which  present  a  crass-striation  (Fig.  281,  a,  b, 
c),  and  in  part  also  a  longitudinal  striation  (e,f).  The  undeveloped 
forms  consist  of  narrow  bands  without  transverse  st nations  (d) ;  of 
spindle-cells  with  long-drawn-out  thread-like  processes  without  transverse 
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stria! ion  (^)  or  with  partial  striatiou  (/)  ;  or,  further,  of  round  cells  of 
different  sizes,  which  present  either  a  radial  or  a  concentric  fibrillation 
or  striatiou  (/r,  i).  Besides  these  there  are  also  cells  which  possess  no 
especial  characteristics,  so  that  it  is  impossible  to  decide  whether  they 
are  young  undeveloped  muscle-cells  or  connective-tissue  cells.  The 
bands  as  well  as  the  spindles  are  usually  arranged  in  interlacing  bundles. 
It  is  usually  not  possible  to  demonstrate  with  certainty  the  presence  of  a 
sarcolemma  on  the  surface  of  the  fibres ;  but  various  delicate  membranes 
have  been  described  by  different  authors,  which  probably  are  to  be  re- 
garded as  representing  portions  of  a  sarcolemma. 

Khabdomyomata  of  the  heart,  in  so  far  as  they  do  not  consist  of  a 
formation  of  delicate  transversely  striated  muscle-fibres,  are  made  up  of 
a  delicate  network  supported  by  connective-tissue  bands,  in  the  clear 
spaces  of  which  network  there  lie  spider-like  cells,  whose  processes  are 
partly  free,  and  partly  continuous  with  the  reticulum.  According  to 
Seiffert,  these  cells  ai-e  to  be  regarded  as  enlarged  embryonal  muscle- 
cells,  which,  in  the  event  of  an  overproduction  of  the  structureless  pro- 
toplasmic portion,  have  formed  no  transversely  striated  covering. 

Khabdomyomata  occur  in  the  kidney  or  its  pelvis,  in  the  testicles, 
uterus,  the  vagina,  bladder,  muscles,  heart,  nerves,  subcutaneous  tissue, 
mediastinum,  oesophagus,  etc.,  and  form  nodular,  or,  in  case  they  are 
situated  on  the  surface  of  a  mucous  membrane,  papillomatoits  and  poly- 
poid tumors,  which  vary  greatly  in  size.  They  develop  from  striped 
muscle,  possibly  also  from  smooth  muscle  (uterus).  In  the  kidneys  and 
testicles  they  either  form  circumscribed  nodules,  or  lead  to  a  total 
destruction  of  the  organ.  The  origin  of  the  tumor  in  these  cases  is  prob- 
ably from  misplaced  anlage  of  muscle-tissue;  and  accordingly  such 
growths  are  most  frequently  congenital.  They  may,  however,  develop 
first  at  an  advanced  age.  Occasionally  they  enclose  other  tissues,  for 
example,  cartilnge.  Moreover,  muscle-fibres  of  corresponding  stages  of 
development  occur  in  the  complex  tumors  of  the  testicles  and  kidneys 
(see  Teratoma). 

If  a  tumor  contains  only  a  few  cells  which  can  be  definitely  recog- 
nized as  muscle-fibres,  while  the  majority  of  the  cells  have  no  specific 
chanicter,  the  tumor  is  ordinarily  designated  a  rhabdoniyosarcovia. 
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(h)  Glioma  and  Neuroglioma  Ganglionare, 

§  110.  A  glioma  is  a  tumor  which  develops  from  the  cells  of  the  sup- 
porting  tissue  of  the  central  nervous  system  (neuroglia),  and  in  its  fully 

developed  condition    consists    essentially  of 
these  cells.     In  the  brain  the  gliomata  form 
tumors,    which   for  the    most  part  are  not 
sharply  defined  from  the  normal  bniin-sub- 
stanc«,  but  pass  into  the 
latter  by  insensible  gra- 
dations.    At  times  they 
appear    simply   as    local 
swellings    of    the    brain, 
and  only  the  difference  in 
color  and  the  disappear- 
ance of  the  normal  tissue- 
contrasts  between  the  dif- 
ferent   elements    of    the 
brain,    give  evidence   to 
the  eye  that  a  tumor  is 
present.     In    the    spinal 
cord  they  arise  most  fre- 
quently in  the  neighbor- 
hood of  the  central  canal, 
and  may  extend  over  a 
large  portion  of  the  cord. 
Their   appearance  varies   greatly;   sometimes  they  are  light-gray, 
somewhat  translucent,  and  similar  in  color  to  that  of  the  cortex,  and 
moderately  firm  in  consistence;  at  other  times  they  are  more  grayish- 
white,  denser,  and  firmer;  and  again  they  are  not  infrequently  grayish- 


Fia.  282.— Glioma  cerBbri.  A.  CeWn  iitoIatM  by  teaslnff  and 
stained  with  carmine.  B,  Section  from  same  pr)  ioma  after  harden- 
inir  In  MQUer^s  fluid  (Bismarck  brown).    X  330. 
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Fio.  388, -Section  of  a  Glioma  of  the  cerebrum, 
with   a8inM!VteM    (Mflllors  fluid,    huematoxylln, 
.  Mollory's  method.)     X  500. 


red  or  dark  red  in  color  and  are  then  sharply  circumscribed  from  the  sur- 
rounding  brain  substance.  In  the  last  case  they  are  traversed  by  numer- 
ous large  vessels.  Gliomata  well  supplied  with  blood  often  contain 
hsemorrhagic  areas.  Fatty  degeneration,  softening,  and  destruction  of 
the  tissue  are  also  of  common  occurrence. 

A  section  of  a  fully  developed  glioma  shows  under  the  microscope  a 
network  of  extremely  delicate  glistening  fibrillse  (Fig.  282,  B),  in  which 
are  imbedded  numerous  short  oval  nuclei.  About  the  nuclei  there  is 
but  a  scanty  amount  of  protoplasm,  and  this  can  be  distinguished  only 
with  difficulty.  When  examined  in  the  fresh  state  or  after  maceration 
in  3Iiiller's  fluid  it  may  be  seen  dis- 
tinctly that  these  nuclei  belong  to 
cells  (astrocytes)  which  are  charac- 
terized by  a  great  number  of  fine 
processes  extending  in  all  directions, 
and  often  branching  (Fig.  282,  A). 
By  pro[x*r  staining-methods  the  con- 
nect ion  between  some  of  the  fibres 
mav  be  demonstrated  also  in  sections 
(Fig.  28;i). 

The  cells  are  very  similar  to  nor- 
mal glia-cclls  (short-processed  or 
long-processed);  but  are  not  in- 
fre(iuently  much  larger,  occasion- 
ally more  plump,  and  some  may 
possess  two,  thi-ee,  or  four  nuclei. 

The  development  of  f/lioniata  tal'ea 
plaee  onlinanhj  from  the  supposing  cells  of  the  white  and  gray  substance. 
A  preponderance  of  cells  with  a  slight  development  of  the  cell-processes 
leads  to  the  formation  of  vieduIUtn/  gliortutta:  while  a  more  marked  for- 
mation of  processes  and  of  the  fibrillated  ground-substance  gives  rise 
to  hard  forms.  As  the  result  of  the  proliferation  of  the  perivjiscular 
conncM'tive  tissue  f/liosarcamata  may  be  formed. 

In  gliomata  developing  in  the  neighborhood  of  the  ependyma,  the 
ependjpnal  ep'dheliam,  consisting  of  cylindrical  cells  with  a  bassil  process, 
m<ni  also  share  in  the  proliferation^  so  that  the  surface  of  the  tumor  becomes 
covercHl  with  a  layer  of  ependymal  cells.  Epithelial  ingrowths  resembling 
gland-diirts  may  be  formed  so  that  the  tumor  in  part  takes  on  the  character 
of  an  epithelial  adenoma  {neuro-epithelioma  adenomatosfnm  gliomatosum).  A 
similar  appearance  may  be  produced  when,  as  the  result  of  disturbances 
of  dev(»lopment,  misplaced  portions  of  the  medullary  canal  lie  within 
the  glioma. 

Proliferations  arising  from  the  epithelium  of  the  plexus  bear  the 
character  of  epithelial  giowths. 

A  neuroglioma  ganglionare  (Fig.  284)  is  a  txnnor  of  the  central 
nerrons  system,  composed  of  hyperpljustic  glia-tissne,  ganglion-cells,  and 
nerve  fibres,  and  forms  either  poorly  defined  swellings  of  larger  portions 
of  the  brain,  or  circumscribed,  nodular  enlargements  of  smaller  portions. 
To  the  naked  eye  the  structure  of  the  brain  nmy  in  general  appear  to  be 
still  preserved,  though  the  difference  between  the  cortical  and  medul- 
lary substance  is  less  distinct  than  normal,  and  the  tissue  throughout  is 
white  or  grayish- white,  or  spotted  gray  and  white,  and  at  the  same  time 
more  or  less  hardened. 

Tlu»  main  x)ortions  of  these  masses  consist  of  a  more  or  less  thick  glia- 
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f iRsiTe"~eo!it ai !i i ii<>'  a  eertsiiii  niimljer  of  iierve-nhnvs  (>/)  mnl  uan^lion- 
('<*lls  [ft,  h,  r),  nr  c'^^lls  rest^inliliiig  piii^liyii-cells,  no!  tnily  in  the  (Mirtiral 
tissiu\  liul  iiis<»  ill  the  wiiitp  siil>s1uiirt\ 

I'lHliiibly  all  of  Ihos**  lunjialiuiis  are  1h>  be  rt*gar<led  as  the  result  of 
distrirhaiKvs  i\(  the  enihryuiial  tleveh»pineiit  of  Uieliruiu — Uiat  is,  as  local 
malfoniiations  of  tlie  brain,  which  are  characlerized  esst^ntially  by  a 
pathiihiifinti  dfTrfftptttf'Hf  of  tirnrttfflitt  \ffUmnaUmH)  and  by  a  development  nt 
part  of  I  lie  iienrobhisis,  ]*robalily  als<i  of  the  spoijtriohhists^  into  larjre 
gantjlioiilike  velln  (tt)  snch  as  are  not  found  nurnially  in  the  brain. 
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I^c«,  3H4.— 8<?«*tloti  from  »  noi)ular  rn^umirlkirnk  fmnirllnniirR  of  th*»  cy«mmJ  coovfiluHoii  of  «!♦*  (•••rehniiH 
(MHItfr's  fluid,  WelitPTl'*  .«tnlii),  .1,  rurtfnn  or  tl««u«»  rich  In  trnntfUon  fHls.  B,  PurtUm  of  tts,«u<'  rotiUln- 
liyr  (n'rvp-flhnAs.  C,  jelty-illCf  iHirtiuii.  n,  (rniii;U«»ii-4'i'lb  iirmti(i>^  In  *nuM|«:  /<*  fit'aibTfHi  K)Hifflloii'r<*]l8 : 
i.  mmtrllon  i-^ll*  with  twi»  mif  lei :  «l,  uervt^^niires  wuu  nifatilUry  alimlli :  t .  gllinvljA ;  ;.  bl^ jixl-vesAt'l.   X  275, 


The  term  glioma  is  also  a]>p1ied  to  eeitairi  tumors  of  the  retina  oeeiir- 

rin^  during;  rhildhoxHh  Thrsi*  ^n^vths,  a  ei*rtaiii  jiiirlion  of  whit^h  are 
of  cfMi^eiiital  tni^in,  are  evidently  to  be  referred  to  s(»nie  disturtiance  in 
the  development  of  tln^  rt^t  ina.  They  fi>rm  cellular,  8oft,  ^v  liite  or  nnldish 
tnimns,  the  fxreater  part  of  which  consists  of  small,  round  or  irre^ndai' 
eelK  ]Mtor  in  proloplasm,  resi^mldinj;  the  crlls  fd*  theslratum  ^^^ranulosnm. 
In  part  thry  posst*ss  siiialh*r  or  lar^^^er  processi»s.  Thesi*  et*lls  ar**  found 
liest  presi^rved  in  the  iieij^hborhood  of  the  blood-vessi'Is,  while  in  other 
portions  c»f  tht*  tnnmr  I1h\v  oftt^n  show  relrograde  changes.  The  tnnu*r 
may  also  contain  ;^^aii^di<H)-eells,  eyiindncal  cells,  and  peculiar  rosette 
and  ribtion-bke  eel  1-forntat ions  ( Wiiitersteiner ),  these  latter  beinij  re- 
garded as  {if:;;; relations  (jf  nnls  and  cones*  Winterbteincr  has,  (herefore, 
de>^i<;nated  the  tumor  a  neurorpitht'fhmn. 

The  glioma  (»f  the  retina  often  shows  areas  of  necrosis  in  its  cent  ml 
portion.  In  itS|^rowth  it  may  lu-eak  into  the  retrol>ull>ar  space,  or  for- 
wnnl  llironi^h  the  «*ornea  ami  sclera;  it  reeiii-s  after  operation,  and  *jives 
rise  to  inetastiusivs. 

With  reference*  to  the  origin  of  neuroijiia  and  ganglion -col  Is  from  Xho  ectoderm, 
%'ariuuB  writers  class  the  difftrerit  fartn^  of  ghornnta  with  tlai*  epithelial  tnnmrs. 
In  *o  far  op?  the  e[>pn(!ynial  proliferations  rescnihlinj?  epithehomatn  and  ademmiata 
(§5  ILS,  119)  are  concerned,  aiich  a  classification  is  justifieiJ.  The  orrJiiiary  j^Iiotnat-a* 
however,  show  a  structure  resemhlinu  that  of  the  other  connective-tissue'tuttairs,  so 
tliai  it  i<  more  proper  |ci  class  them  with  the  latter. 
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(i)  Amputation  Xeuronutj  yeurojibroma,  ami  the  True  Neuroma, 

§111.  The  tumors  desiguate<l  neuromata  occur  most  frequently  on 
the  ends  of  amputated  nerves,  where  they  form  more  or  less  prominent 
swellings,  either  circumscribed  or  bkMiding  into  the  surrounding  tissne 
without  any  clearly  defined  demarcation.  From  the  conditions  of  their 
origin  they  are  known  as  amputation -neuromata  (^Fig.  28."),  b).  The  devel- 
opment of  these  neuromata  is  to  be  referi^d  to  the  changes  taking  place 
after  the  nerves  have  l)een  severed ;  daring  the  development  of  connective 
tissue  in  the  stump  the  ends  of  the  axis-cylinders  of  the  proximal  portion 
of  the  affected  nerve  divide  and  grow  longitudinally,  so  that  the  scar- 
tissne  comes  to  l)e  penetrated  by  nerves  which  at  first  have  no  sheaths, 
l)ut  are  soon  surrounded  by  mednllary  sheaths.  The  mass  of  nerves 
penetrating  into  the  grannlation  tissne  may  be  large,  so  that  the  con- 
nective tissne  after  a  certain  length  of  time  may  contain  a  very  rich 
snpply  of  nerves,  which,  radiating  from  the  end  of  the  old  nerve,  extend 
into  the  connective  tissue  in  all  directions  (Fig.  L^S,"),  />).  The  process 
is,  therefore,  an  exam])le  of  a  usi^less  regeneratire  proliferation  of  a  nerrr- 
fttump  exceeding  the  physiological  needs. 

As  another  form  of  so-called  neuromata  are  chiKsed  those  growths 
developing  spontaneonsly,  without  external  cans<»,  along  the  coarse  of 
nerves;  and  which  consist  essentially  of  an  inereane  in  the  eonneetive  tia^sue 
of  the  nerve,  usually  of  the  outer,  more  rarely  of  the  inner  layer  of  the 
endoneurinm. 

At  the  point  of  tnmor-growth  the  nerve-bundles  become  snrronnded 
by  a  more  or  less  thick  layer  of  connect i\e  tissue,  which  is  usually  loose, 
more  rarely  dense  (Fig.  28(),  />,  d),  or  the  bandies »may  be  split  apart 
into  their  individnal  fibres  (<*)•  Occasionally  the  perineurium  takes 
l)art  in  the  proliferation.  In  the  casi*  of  large  nerve-trunks  the  epineu- 
rinm  may  be  aifected  in  asscx-iation  with  the  endoneurinm  and  perineu- 
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riimi  of  the  itidividual  bimdles,  iilt bough  the  jnuress  is  iimst  fr*eqiietilly 
4*rtii fined  io  the  riidoiuHiriniii. 

ArTiirdhi^  tti  llieir  structure  these  tumors  are  not  true  iieuniiiiiiia, 
luit  are  neuro  fibromata  or  fibromata  nervorum  T^iv  jh-p  iisnully 
nf  uNtffipfr  Me4iinvrire,  niul  may  extend  fliroii^jrhout  Ihe  entire  jM^riplierul 
uerA  cius  gysteuK  but  are  more  often  limited  loadethute  area  < if  tjerve- 
elistrihution.  lu  very  rare  eaH«:?H  they  oeeur  iu  the  uerve- roots  and  spiual 
eord*     The   uoelules  are  somelimes  situated   along   the   course  o(  thv 

nerve-truuks,  soinetinie«s  on  the  liner 
bninches,  most  freit neatly  u(  the  (aitaiie- 
ous  nerves  J  and  in  the  skin  fona  inori*  or 
h\ss  niiUH'rons,  larjj^er  or  siualler,  imnor^ 
uudtdes,  for  the  greater  part  of  stift  cnti- 
sisteiice,  to  whieli  the  dcsi;^ivatinu  multi- 
ple fibromata  of  the  skin  is  iisinilly 
applied.  The  sniaHest  nodules  can  be 
seen  only  with  the  mieroseope ;  tin*  ina 
jority  vary  iii  .sii^e  fiom  that  of  a  pea  to 
tliat  of  a  hazel-ind.  Individual  tninors 
may  reach  the  size  of  a  uiairs  tist,  the 
nerve  tilings  behij^  wholly  lost  sit;ht  of  in 
the  {^rciii  mass  of  conneetive  tissne.  Al 
rojdiy  of  the  tiitres  may  l>e  caus^nl  by  the 
incrciusiiiij  conncH'tive  tissue,  the  Jibi(*s 
finally  vauishiuij;  eomj^Ietely.  In  addi^ 
tion  to  the  formation  of  cireumsei-dH^d 
uodnles  there  nuiy  *K'enr  als*>  in  the  af- 
fect etl  art*; I  a  dfflusf  fkirkntinff  of  fiir  nrrrrn 
from  htjprtirophij  i*f  fhir  rtfiufrrtfrr  fiHSHr, 
MonH>ver,  with  this  condition  there  nniy 
1k^  associated  a  hyiicrtrojihic  prolifeni- 
tion  of  the  conTu_*cti\e  tissne  of  the  skin 
and  snhi'utanerars  tissue,  leading::  ta  cfr- 
phfffitutsi's-iike  (hffkf'tHHf/.H  t*f  tlw  nkin. 

A  tliir*!  forui  of  false  neuroma  is  tlte 
cirsoid  neuroma  ( Ihuns)  or  ptexiform 
neuroma  (\'erneuil),  a  tnuior  foinnilion 
whieh  is  charaeterized  liy  tlie  devi^oj)- 
nnvnt  in  the  domain  of  one  or  more  nei'\e^ 
ln'an<iie^  of  a  convolution  t»f  tentlrillike, 
twisted  or  interwoven,  thii-ki'ncd  and 
uoduiar  nerve-strands  (  Fi^*  2^7  j.  When 
examined  iu  detail  this  formation  is  also 
lound  to  depend  ess*Mitially  nj^on  a  fthm- 
iiuikmh  of  ffit'  nrrvtH  (V\yr^  2HC*}^  tlu*  prte 
liferation  id'  tlie  endoueurinm  i-esultin^  partly  in  a  difl'iLse  and  |>aHly 
in  a  nodular  tlilckenin^  of  the  nerv(\s.  Iu  addition,  it  may  be  fouu«i 
in  Kn(*h  formations  that  llic  ner\es  of  the  affected  area  are  htttflhrutd 
find  thrrfhtf  rt'fttff'rf'd  ttttimm.H,  white  at  tlie  sjinu^  time  the  uffrrH  (trf  in- 
enaHf'd  hi  nnmhrt\  so  that  the  numl»er  ui'  tlie  nerves  of  the  skin  and 
saht'otjineons  tissues  is  ;;reater  than  under  normal  conditions.  The  eon- 
dition  must,  ttu^refoie^  Ik*  rei^arcicd  as  one  of  true  ncunaua,  n  u*  ttntma 
tv-ntm  :issiKaate<l  witli  n  Jihromafosi^.  The  tH*r\  es  are  for  the  «;reater  part 
m«*dn Hated  {m'uromH  ittifff/ninim ),  It  is  very  diltieult  to  di^lermiue  to 
*>7 


Fm.  2R\  —  A  ru  put  lit  loll -m' tin  mm  nf  t^ir 
ii'IiiUi'  nnrvp  (ulne  yrarn  iiflir  aminiUMon 
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QUer>  WuJa,    X  3. 
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glioD-cells.  These  tumors  consist  of  counective  tissue,  non-medullated 
and  medullated  nerve-fibres,  and  gaugliop-cells  which  resemble  those  of 
the  sympathetic  ganglia. 

Both  the  neurofibroma  and  the  true  nemvma  are,  as  regards  their  origin, 
to  be  referred  to  a  congenital  anlage.  They  form  no  metastases,  but  cases 
occur  in  which  neurofibromata  take  on  a  sarcomatous  character  and 
thereby  become  malignant. 
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(A*)  Sarcoma. 

§  112.  A  sarcoma  is  a  connective -tissue  tumor  whose  elements,  either 
because  of  their  number  or  often  because  of  their  size,  predominate  over  the 
intercellular  substance.  Sarcomata  are  closely  related  to  the  undeveloped 
connective  tissues,  so  that  sarcomatous  tissue  may  be  compared  with  em- 
bryonal tissue. 

Sarcomata  develop  either  in  previously  normal  tissue  belonging  to 
the  connective-tissue  group— as,  for  example,  in  the  skin,  subcutaneous 
tissue,  intermiLscular  connective  tissue,  periasteum,  spinal  cord,  menin- 
ges, connective  tissue  of  the  glands,  etc.— or  in  some  preexisting  con- 
nective-tissue  tumor,   as  a  fibroma,   myoma,  chondroma,  hyi)ertrophic 
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lymphaugioma,  etc.  The  transformation  of  the  parent  tissue  into  tumor 
tissue  takes  place  through  the  growth  and  multiplication  of  the  existing 
cells.  The  di  vision  of  the  cells  takes  place  chiefly  by  mitosis,  and  mitoses 
are  the  more  abundant  the  more  rapid  the  growth  of  the  tumor.  In 
addition  to  typical  mitoses  there  are  frequently  observed  atypical  forms, 
also  nuclear  fragmentation,  and  more  rarely  segmentation. 

In  their  fully  develoi)ed  state  sarcomata  form  moie  or  less  sharply 
circumscribed  growths.  They  may  appear  in  any  portion  of  the  body 
where  connective  tissue  is  present ;  but  are  found  in  certain  tissues  more 
frequently  than  in  others.  Thus,  for  example,  they  ai-e  found  much 
oftener  in  the  skin,  fascia,  intermuscular  connective  tissue,  bone-mar- 
row, periosteum,  brain,  and  ovaries,  than  in  the  liver,  intestines,  and 
lungs. 

The  development  and  form  of  the  cells  vary  greatly  in  diflFerent 
sarcr)niata.  The  intercellular  substance  is  sometimes  very  scanty,  soft, 
and  delicate ;  at  other  times  more  abundant  and  in  character  resembling 
the  ground -substance  of  the  mature  normal  connective-tissue  substances. 

The  amount  of  the  intercellular  substance  has  a  marked  influence 
upon  the  consistence  and  color  of  the  tumor.  The  medullary  forms  are 
soft  and  very  cellular,  and  poor  in  intercellular  substance;  on  section 
they  present  a  marrow-like  white  or  grayish-white  surface.  The  hard, 
dense  forms,  on  the  other  hand,  are  poor  in  cells  and  rich  in  fibrous  inter- 
cellular substance;  they  pass  by  insensible  gradations  into  fibromata. 
Transit  ion-forms  are  known  as  fibrosarcomata.  The  cut  surface  of  a 
sarcoma  presents  a  nearly  uniform  appearance,  in  case  retrograde  changes 
or  diff'erences  in  the  blood-content  do  not  cause  alterations  of  the  same; 
it  is  usually  uniformly  smooth,  in  the  medullary  forms  milk-white,  in 
the  firmer  varieties  clear  grayish -white,  somewhat  translucent,  or  more 
of  ji  clear  grayish -red  or  grayish-brown  color.  The  hard  forms  are  glis- 
tening white  or  yellowish-white. 

The  develoi)nient  of  the  blood-vessels  varies  greatly ;  sometimes  the 
vessels  are  very  numerous,  large,  and  ectatic  (Jeleangiectatic  mrcama), 
I'sually  the  vessels  have  walls  ejisily  distinguishable  from  the  tumor  tis- 
sue; but  the  tunior-cells  may  also  constitute  the  outer  cells  of  the  vessel- 
wall  ;  and  in  such  a  case  the  cells  of  the  vessel -walls  also  take  part  in 
the  growth  of  the  tumor. 

Retrograde  changes — such  as  fattj^  degeneration,  mucous  degenera- 
tion, li(iuefaction,  caseation,  necrosis,  hcemorrhage,  gangrene,  ulceration, 
etc. — are  of  frecjuent  occurrence  in  Siircomata. 

The  sjirconiatous  tumors  may  be  divided  into  three  chisses.  The  first 
of  th<*s<»  includes  the  nimple  sarcomata y  or  sarcomata  in  the  narrower  sense 
— that  is,  tumors  of  the  type  of  embryonal  connective  tissue,  showing  a 
more  or  less  uniform  distribution  of  the  cells  without  the  formation  of 
distinct  groups  of  cells.  The  second  class  includes  those  sarcomata 
which  show  a  special  arrangement  and  grouping  of  the  individual  elements,  so 
thar  tumor-formations  arise  which  are  very  similar  to  the  epithelial 
tumors.  The  third  class  is  characterized  by  the  appearance  of  secondan/ 
changes  in  the  eells,  hi  the  intercellular  substance,  and  inthe  blood-vessels,  these 
changes  giving  to  the  tumors  concerned  a  characteristic  api>earance. 

The  etiology  of  sarcoma  is  not  a  simple  one.  It  occurs  more  frequently 
in  youth  than  in  old  age.  Some  sarcomata  develop  even  in  embryonic 
life,  and  the  origin  of  such  may  l>e  referred  to  some  local  malformation. 
()(-casionally  trauma  appears  to  be  an  exciting  cause.  A  parasitic  origin 
h;is  not  becMi  dcMuonst rated  (see  Etiology  of  Carcinoma).  Usually  only 
one  primary  tumor  is  formed,  but  multiple  ])rimary  sarcomata  sometimes 
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nrnir,  partirularl}'  in  th*^  Nkiii  iiiul  lMnii*-niarrnw.  Thv  Moftn-  timicirs 
^ive  rint^  tf)  fiH*tiiwtas4's, 

§  li:i  The  simple  sarcomata  incliidt^  both  soft  iiu'diilhiry  liinns 
luid  ihose  or  a  iinner  cniLsistiniw,  wluch  jxiss  by  iusensibh^  ih^^nei's  of 
tj-ausitioii  into  thi^fibromrmmata  nuilffhromahi,  ActMH'diiijL,^  to  tho  chsir* 
artier  of  the  cell's,  several  forms  mny  br  distiii^iiisbeil. 

Tiie  small  round*celled  sarcomata  are  very  soft^  qiuekly  growing 
tiuniii-s  wbieh  deveh>p  ]>arliriiiiirly  in  the  eomiei'ti\  c  tissue  of  the  motor 
:i|>jiaratus  and  suji|Hii1in»j^  IVaiiiewojk^  and  also  la  ihi»  ski  a,  testieles^ 
iivaries,  and  lyiti]jl»  ;^dands.  On  stniioji  they  ai>]>ear  milky  white,  and 
oeeasionaily  prestMit  easemis  or  softeinMl  areaK  S\*lirii  H/rajieil  thi*  eiil 
surtaee  yields  a  milky  liaid.  Their  striieture  is  very  simple:  the  tumors 
eousist  ahiiost  wh(»Hy  c>f  round  eells  and  bhjod-\ <*ss(ds  (Fig.  2S8,  e). 
The  cells  are  small  and  frail;  they  possess  very  little  protoidasm,  and 
have  spherieal  or  slightly  oval,  rather  large,  bladdersha|»ed  nuclei  (*'), 
whit'h  apt»enr  to  be  imnv  highlv  devi^loiMHl  Ilia  a  thr  nm'h*i  (»f  Ivmphtnd 
erlls. 

lk*t wr«'a  thi'  t^rlls  lit^s  a  wvy  scanty  amount  of  iibrograunlar  intercel- 
lular siibstaucf\  The  Vi\ss<ds  travers4-  tlu^  masses  <»t'  cidls  iu  tin'  form  iif 
thin-wallrd  canals.  If  such  a  tumor  growing  in  mnscit^  be  examiued  at 
its  ]>erij*lu*rv  it  ajmrars  ivs  an  aggregation  of  rontid  erlls  (Fh^^.  2>^S,  b,  r) 
in  the  iufrrninseuhir  connective  tissue.  Xot  infreqneutly  lymphoid 
<"ells  lie  near  the  tnnMircells,  the  unelei  of  the  former  (//)  staining  nioi^e 
intensi^ly  than  those*  (»f  the  tnmor-rells, 

A  M'cond  form  of  nnintl  cell  siircoimi  is  designatt*d  lymphosarcoma 
or  sarcoma  lymphadenoides ;    it  imitates  to  a  certain  extent  the  struc 
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Kiii.  2HR,  -Suction  t^^o|li!:h  tlio  Hri|r»^  of  tt  sjvnYirtiii  of  tho  liiu»niiiis*'iil«r  r-nnni-r'Tlvp'  tlissii**  4 if  th*"  wrr^'al 
tiiti«4'l«.^  <MlriilioU  ciiriuli)*'L  rt,  Tniiisvense  «n  Hon  uf  normul  mu*."!!*  1  (i,«  imnav^^rsi^  mvH^^'H  <'f  an  utrophUr 
miutHf^niiiv :  ^».  Hfiinrt  cflls  of  the  tarronm*  »Hnw<»<*ii  Wif^  ii»imr|p4!hn*s:  r,  fully  <1*»¥*'lir[wl  tumnr;  *t, 

Tui.  'JJ^— Sivtlnn  fnnn  n  Ivinphosarroma  of  tbeiuml  miirdiis  mt^mhrnne  <iiliH»nol.  cjirmliifii.  ♦»,  EetJc- 
uliim:  '1.  (t'lls  "if  till'  M'tii  uhMu;  *\  n.utui  wits;  n  mt  ilie  upper  lefn,  bluiHl<vi«tiauJ  with  pntlifemtiDit 

tnr<*  id'  a  lyniphgland  in  tliat  the  stroma  for  the  great^M'  i*art  of  th** 
runnd  i-el Is  consists  ot'  a  vascnlar  reticnhim  <  Fig.  2NH,  a),  whirh  in  part 
at  lenM  is  comfMiscHl  of  branching  and  aniustomctsing  cells  {/>),  a>s  may  \w 
denn»nstrat«*d  by  shaking  a  snndl  section  of  \hv  tumor  in  a  test-tnlx^. 

Acconb ng  to  the  anioout  of  reticnbini  which  they  i»os8*>ss,  the 
fifmi^hoHarcttmftUi  amy  1m*  dividi^<l  into  tin*  Mnft  and  fmnl  forms,     la  the*  deos^o 
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varieties  llie*  reticular  framrwt^rk  may  take  on  more  and  inorotlie  iippear' 
siiiec* of  ordinary  ilbrouscornieetive  tissue.  Especial  roriiis  of  romid-t'elled 
Bareoiua  arising  in  the  bone-marrow  are  known  as  myelomata- 

LyinpliosiiTComatii  arise  nioi^t  f  retjoently  in  the  lyni  jjli-glaiids  anil  the 
adenoid  tissue  of  the  inncous  nienibnine^,   in  the  s|>UH*n  and  niedias 
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Flo.  !S1M), — Bfietlon  rnim  &  run^rrlti  \&rgv  round<'«l|iHl  MUTtimii  uf  th(5  sltln  of  tbe  Ifg  reannlne  prppaimtlonji. 

4f«J. 

Fro.  291*— StH-ti*iri  fmm  a  KJirr-4>iMa  uf  tfjv  iiittmurm  with  v^\\a  of  jHfTf^rwnt  ^hutM*«  ^altMibiiL  BIsinMUf.'k- 


tinuui,  but  are  found  also  iu  other  plaees.  The  tuinor-proHfenitiou  in- 
volves sueeessively  a  more  or  lesH  eonHidenibh3  [portion  of  tJie  lymph- 
adenoid  tissues  named. 

Large  round-celled  sarcomata,  tlie  cells  of  wliich  art*  mnch  larger 
than  those  of  the  forms  just  des*'rit*ed,  aj)}>ear  in  the  sjirne  places  as  do 
the  snuill  round  celled  variety,  and  clos**ly  resemble  the  latter.  The  cells 
possess  an  abundanl  |troloplasni  ami  large,  bladder-like,  ova!  nuclei  (Fig. 
2iM)).  Many  of  the  cells  have  two  nuclei,  siune  nn*re  than  two.  IMwceu 
the  round  ceHs  there  lies  a  reticulated  intercellular  snlistance  (Fig.  20(1). 
as  well  SLS  s[und]e-sha|>ed  and  Inanched  cidls,  winch  together  form  an 
alveolar  network  iu  whose  meshes  lie  the  large  nunid  epithelial-like  cells, 

Tn  cither  forms  of  large  ronnd-eclled  sjireouiata  the  tumorcells  are 
very  nnc<pial  iu  size  (Fig.  2!#1 ),  and  at  llie  same  time  tliere  are  mingled 
witii  the  round  cells  elongated  or  iiregnlarly  shaped  cells,  so  that  I  he 
tnnitir  may  be  called  also  a  sarcoma  with  polymorphous  cells.  The 
nuclei  likinvis**  vary  greatly  in  size  (  Viy[^.  291),  and  in  individual  cells  i  ^') 
may  \w  present  in  large  nnudx-rs  (nnillinuclear  giant-cells ), 

The  large  rouiuicelled  siirconutta  and  the  polyunu7>hons-cclled  vari- 
ety are  ou  the  wliole  less  uialiguant  thati  the  .small -celled,  but  they  also 
give  rise  to  metastases. 

Spindle-celled  sarcomata  b<dong  to  the  most  commonly  occurring 
tumoi-s.  As  a  rnle,  they  are  much  firmer  than  the  rouml-celled  forms, 
l)ut  siift  medullary  fonns  also  occur,  ibi  s<»et)on  they  present  oidinarily 
a  grayish- white  or  yellowish  white,  rather  tmnslucent  surface,  which 
may  fje  more  or  less  reddened  ae(*ording  to  its  vascidarity.  Jfednllary 
tumors  whos<>  cells  have  undergone  fatty  degeneration  nuiy  pos8<*ss  a 
pure  white  color.  Iu  geueral,  these  sarcomata  are  more  benign  than  the 
round- celled  varieties,  but  their  character  iu  this  respect  varies  aceoixi- 
ing  hi  their  local  ion  and  I  heir  richness  in  (H'IIs. 
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Aci'uniiii^  to  the  size  of  the  eells  there  may  be  distinguished  large 
spindled-celled  and  small  spindle-celled  sarcomata.  Thruu^h  lh«vteas 
iiig  of  sinull  piiH'es  of  the  tiuiior  The  cells  may  in  pari  be  isolaleel,  and  in 
this  way  very  lon^  spindles  uuiy  U*  obtained  (Fij^.  21*2).  The  ceils  lit* 
side  liy  side  with  their  tlat  sides  approxiniatcd.  ainl  are  gi^nped  in  Iiun- 
iUvs,  which,  in  sections,  are  cut  partly  lonj^ihnlinally,  partly  transversely, 
and  jiartly  oblifpiely — evidence  that  they  nre  interwoven  in  dilicrent 
din'<*tii>ns. 

Tile  arraiigement  of  the  spiiMlIes  in  bnndles  is  often  very  strikinj^; 
ill  <»ther  eases  it  is  \vantin|j:;  ami  the  spindles  tor  considerable  distances 
rnn  in  the  same  direction.  8onietinies  the  direction  i»f  the  spindles  is 
dett*nni  ned  by  the  flirection  of  the  blond  vessels — I  hat  is,  tin*  indn  iflnal 
bundles  forni  sheaths  al>out  their  resyjective  blood -vessels. 

Belween  the  spindli^s  there  is  idteii  bnt  a  very  scanty  ihtercelliihir 
substance,  tir  it  may  not  be  possible  lo  denioustnite  in  studious  the  pres- 
ence of  such.  In  other  cas4*s  it  may  lie  more  almndant,  and  show  a  iibril- 
lar  churacter.  The  cells  in  sueh  cases  ba\  e  less  pr  ot«iplasni.  so  that  ot'ten 
it  is  sc%ireely  possible  to  demonstrate  any  protoplasm  an^nnd  the  nnclcns. 
and  the  processes  at  the  poles  id*  the  ctdls  siH^m  lo  spring  dii^ctly  from 
the  nn(*leus  <  Tuielear  tibn^s),     8ueh  varieties  are  dense  and  liard,     The\ 

repres<*nt   the   connectin*;dink  Im- 

tweeu    pSarcijmala     and    fibroma!  :i, 

and  are  desi^^iated  fibrosarcomata< 

Sarcomata  with  polymorphous 


Kits.   292.  *  ¥Hh  2Xi, 

Fm.  SOS.— Splndli^H^lb  friirn  a  iurgi^  splndltMMliitd  Bammui  or  tti«  cljeelc  itMimMl  |>iv}NLniUoo)«    X  i 
Flo.  JBKt.  -Cejta  fnjiu  u  iiiyetoi:*'innLn  ^•^iuiit-tt'MHl  fOin^fMim  of  Iht^  Khliu     {HmnaUiXfWti,}     X  40tl 


cells  are  fnnnd  alsti  annot^  I  he  spiinllecelleil   f«o*ms;  anel  contain  spin* 
dleshavMKb  pymmidal  prisnnitic*  steUate,  and  verv  irregular  cell  forms 

liolli  in  polymorphous  and  spindle  celled  sjirconiata  there  may  lie 
found  more  or  less  numerous  ;;iaut  cells  (  Ki^^s.  291,  293,  and  294  ^  so  ihat 
the  designation  gianl-celled  sarcoma  may  b**  applie<l  to  these  tumors. 
Thi*y  arist*  particularly  from  the  lioncs,  bnt  they  luay  occur  {ilso  ini)t!u*r 
I*laces, 

If  a  sarcoma  de\i'h^ps  io    pi'eexistiiig    new    growths   (Iktc    may  be 
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rni'iju'cl  inixiMl  Uniiors,  whirh  an^  kiinwii  as  rnyxosarcoma  (Fig.   252)| 
chondrosarcoma  H^ii:.  L'"»7  >,  myosarcoffia,  vtr. 


mSh-' 


Fig.  304.    GliinlH-elU 


4  lh\'  upper  jaw  tMaUer'n  Ilulit«  hieaiiitoxjfllDK 
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Tlie  JiftttiihoHara>ma  of  I  he  if/mp/t-f/f^ipdM  and  lymphmlfnoid  ttfijtftrof'tft  of  fht  f>jd^it 
fiftd  the  m*tcints  mrmbrnftt  of  the  ffuMnntticfttiual  tntrt  ^jvcs  t\9>o  to  a  |HHnjliar  ilj«ra***'  <if 
these  orirniis,  whirli  is  cliariictenzed  by  ft  pm^ressive  mcrt^asc  nf  the  lyrni^hmlriuiiil 
tisscir,  Wmiin^  lt>  tlir  fonnjitioii  of  i-xtensivt'  nii(lii]t>s,  I'lich^r  Ihesi*  cin'min^tanc*  s  lllt' 
f'hamt^t^^sn■f■  Mructun*  of  thf  lyniphsHlctJuitl  sipiMmlns  H  lost,  tuid  iht*  hewiy-foriMCfl 
tissiii*  sh<nvs  !i  mrtrktnl  depjirtunt  frotn  t lie  structure  of  lypkal  lytu])hjidenoi<i  tisusuf — 
rmutt'ly,  n  (il)rf>u«  tliirki'iiiiig  of  the  n-firuluiii  ur  the  fonnatlon  of  gmiit-eells.  Since 
(Btimihir  >^rowths  oreiir  jilso  in  nthiT  organs,  such  as  %\w  Hvi-r.  the  (lionise  nuriioi  lir 
looked  uprm  ns  ji  pure  h\  pi-rtrnphy  \d  lymphut1(^Di>id  tisMue,  l>ut  as  a  tumor-formation 
with  ihf  t"'"'''l"'''f''"i  <^'f  ^y"'l*^^*'i^^  ^'<^1^^-  It  is  also  possible  tliiit  it  is  an  itiffctious  dts- 
cnise .  Li  U  e  w  i  «<  •  1 1 J  e  eo  1 1  d  i  t  i  o  n  k  1 1  o  w  ri  Ji3  Ma  rrtt  m  a  Um'it  r  ft  t  m,  w  h  i  c  h  is  r  1 1  a  rue !  eri  Zfcj  h,V  I  he 
format ioii  of  roiuierous  rouud-Cflled  nodultvs  in  the  skin,  is  to  he  tdiis^stni  with  it. 

The  ffit/thffuf fit  ftf  (li€  fi^'ftfjt.tnx  tirnui^  UA  tuidtiple  noduivs  eitlier  rooeeiiled  in  tho 
hones  or  iirojeethit!:  from  thi'ir  stirfme,  demand  espreiiil  ennsidrnaioij,  Aeeordiiig  to 
reci'Dt  investigaliona  (Stirntftt'f/,  lithhrrt^  Ifojt)tuiftH)Uu'y  nw^  €t >m posed  f if  cidla  coire* 
spoiling  eithiT  to  ilie  niyidoeytes,  lymphrK'ytes,  erythrohiasts*  or  pksma-fells. 

Th<Mv>minna  rlairuii eristic  of  i}iv  If/ mj thorn trmfUit  mn]  mt/rf^mm  is  that.  ti^UXe  from 
lh*»  reticular  fniintnvork.  they  c^aisiwt  esseiitblly  of  derirtittrtu  offrfr  mtHtm'hi/hud  rrlh, 
and  nri' thereliy  ditTeri-niialfMl  from  tlie urdinary  sarfiinmla  that  arise  through  tiie  \%yo- 
lifMralion  of  fixed  ti&HueH'ells.  I'lic^y  form,  tlierefore.  au  r^pr^ini  ffr*t*tp  ain<»ntr  (he 
i'nrmeetive  tissue  tumors,  tnit  the  investijuj^ation^t  so  far  nirriefi  t>ut  arc  not  siitlicient  to 
Hx  their  position  more  defim'lely. 
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§  114.  Sarcomata  which  present  an  organoid  structure  appear  in 

those  forms  known  hh  alveolar  and  tubular  sarcomata.  These  are  con- 
nect ive-tissne  tnnioi*s  in  which  Wm  cellnlar  elements,  esiKH'ially  the  larji^er 
cells,  are  arranged  in  gr(mi)S,  so  that  it  is  jmssible  to  distingnlsh  a  van- 
cular  connective -iiHHue  ntroma  and  gt rands  or  neaiH  of  ceffn.  According  to 
their  genesis,  these*  growths  may  be  divided  into  two  ty [kss  :  hfinphangUmir- 
coma  and  hwnwnyiomreoma,  Thei*e  are,  however,  also  alviH)lar  sarcomata 
which  possess  stroma  and  cell-nests,  bnt  whicrh,  in  so  far  as  their  devel- 
opment, is  concerned,  cannot  l)e  included  with  the  above-named  tyjK^s. 

The  lymphangiosarcomata  are  tumoi-s  which  arise  from  a  j>ro;(/f'r«- 
tion  of  the  endothHium  of  the  lymph -reHHelH  and  lymph -8}MceH.  They  may 
accordingly  l)e  designated  its  iymphangioendotheliomata  or  sis  endo- 
theliomata  hi  the  narroirer  ftentte.  They  may  develop  cMther  in  i)reviously 
normal  tis.sne,  or  in  preexisting  tumor-like  formatiiuis,  such  sus  the  hy- 
pertrophic lymphangioma  in  ])articnlar  (pigmented  moles  and  warts, 
see  §  1<>«*^ ),  snid  also  from  myxochondronmta.  The  first  occur  jiarticularly 
in  the  meninges  of  the  brain,  and  in  the  serous  membranes  of  the  great 
body -cavities;  but  may  develop  also  in  other  organs;  the  second  are 
found  chiefly  in  the  skin;  while  thosi*,  arising  fnmi  my xochondromata 
develoj)  in  the  mixiHl  tnmoi's  of  the  sjilivary  glands,  palate,  and  orbit. 

Tlu*  endotheliomata  of  the  inner  mmingeH  of  the  brain  and  npinal  cord 
(H'cur  ])artly  as  nodnlar  growths  and  i)artly  as  flattene<l  ]>rolifenitions; 
they  develop  through  the  transformation  of  the  flattened  endothelium, 
which  cov(»!*s  the  connect ivc-t issue  network  of  the  subanu'hnoidesil  tissue 
and  i>ia,  into  cubical  or  even  cylindrical  cells  (Fig.  295,  d,  e).  In  con- 
s^»(iuenc(\  the  n<»w  growth  at  flrst  presents  the  appearance  of  gland -like 
formations  :  in  the  event  of  a  more  iR»tive  proliferation  solid  nents  of  cclh 
are  fornuMl.  Inasmuch  as  tin*  i)ia  is  continued  as  a  lymph-sheath  around 
the  cerebnil  vess4*l.s  there  are  formed  around  the  latter  stninds  of  large 
epithelial-like  cells  (  Fig.  295,  /;  </,  //). 
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The  efidothelimna  of  the  dura  ntater  arises  through  a  prolifemtion  of  the 
eudotheliiini  of  the  lyniph -vessels,  and  leads,  through  the  filling  up  of 
the  latter  with  large  cells,  to  the  formation  of  anastomosing  cords  of  cells 
(Fig,  296,  c,  d,  e),  which  in  some  places  may  still  contain  a  lumen. 

The  ei^JothrJiomatd  of  thr  pleura  or  of  ih^'  peril onenm  ap[>ear  usually  as 
flattened  thickenings  of  the  aftected  mcmlinine,  lint  scattered  utKlular 
elevations  may  occur  throughout  the  areas  of  thickening.     These  growths 


-# 


''\*i 


Wr-.i- 


':«/fe»sv.'. 


'^. 


•  »' 


*■«' 


«■', 


^»LJi^/ 


'.  \\' 


v.)li 


^::.. 


-A 


^e 


Fig,  205.— liectkm  tlimuRb  an  tHdMiiit  K'nuti  *4  i\w  pin  iii!it**r  iin*!  wnebrHl  i^ort***.  (KiTiL^t  iv  spreiid  over 
the  furface  of  Ibe  brain  undi  »pl"*>l  *^m\  (Miillir-s  fltiki  iKvmiitoxylloL  *i.  Siuw^rflcUl  pl»:  />,  pIm  \u  a 
imlruft;  f^  cortex;  ff.  c,  tjodathelinl  prollfenilions  In  thp  pin  ifitientha  of  Ww  t^tttWnX  m'Sst-Is;  /.  \u  lu  eodo- 
Lbellal  proUferBtioQH  la  Uie  plji  dbetttha  of  the  cortkm]  veanels ;  u  loof^rlluatnul  m^^ Hup  thmugb  n  vein.    X  88* 


are  (*hanK'tcrized  by  cords  \yi  large  cells  (Fig.  297,  /*  U  wliieli,  correspond- 
ing to  the  coui^se  of  the  lymph  vessc^ls,  triivei*se  the  hvpeilrophic  and 
proliferating  tiasue  of  the  si^rosa. 

The  endntheUoma  of  the  monimurff  f/had  is n  rare  tuimu,  wliicli  dcveloi>s 
in  the  form  of  nodules,  and  takes  its  firij^nn  from  a  pri>litVratiou  of  the 
endothelium  of  the  lymph  vesst.^ls  and  lymph-spaces  ( Fi^.  298,  h,  c),  and 
gives  rise  to  the  formation  of  large  cortls  of  cells  (r)  or  of  smaller  cell* 
nests.  The  proliferatinfic  <^'*"ll^  are  characterized  by  a  great  variation  in 
the  size,  character,  and  form  of  the  nucleus  and  celMKHiy. 

The  tudot/irUoma  oftheHkht,  which  arises  from  the  hy]>ertro]>hic  lym- 
phangioma v  warts  and  pigmented  moles),  resembles  these  in  its  general 
structure,  and  poss<^ssc*s  also  cell  nests  of  varying  size  (Fig.  277).  Fur- 
ther, there  also  occur  eudothelituuataof  the  skin,  which  do  not  arise  from 
waits,  and  may  develop  in  great  numbeis  (Bpiegler,  3Iulert). 

T\x^  endotheUal  pro! {feratmw  which  arise  in  mijxomula  and  m t^xochondro- 
maia  form  cords  of  cells  of  different  shapes  (Fig.  252,  b) ;  bat  it  should 
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takt!  on  ii  prolifenitive  activity  similar  to  thai   of  the  eiidcithelimu,  so 
that  there  is  fonued  a  diffuse,  cellulur  new  growth  of  the  i4uinK-ter  of 
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t'nlHrg>*«l  r*Hl(i  In  tbMruniM^ftlve-rtssu*'  tipiuM?*  ;  i\  stniruJHof  it'll*;  <i,  ditfust.'  veU-jiT^Aih'mXUm.     >:  9V, 

ail  (jrdiiijirv  san-diim  (Mj^,  298,  tO-  At*eonliiigly,  Ww  i'lidotheliomata 
e^iiiiot  hv  sharply  tlisHiigtushed  from  i]w  siireoiniil'.L  and  raay  heeonie 
tra  OS  ton  I  led  into  Ihr  latter. 


Tlie  Hhiiibrity  in  stnictnn*  bet  wren  i'iidot.hf4ioiimt.a  nntl  (nircinrmmtu  nmvs  the 
quL'8li(>n  whethei  k  wniiUi  not  lir  rxiictlk'Dt  torljisstlK*  Utrnwr  as  tn*h(helinl  rtfNt't^ifi, 
Tlie  striirtureof  thtm^  11111101-*  would  tvrluiuly  justify  suih  a  ekssiflcaljun.  but  I  tfm- 
ddfT  it  lM*Ut*r  to  !iv<>id  (lio  use  ()f  llim  t*M'm,  In  iIk^  first  idacc.  (he  Utui  fudtitlirliujiui 
ia  ill  ;jreiit'iul  umi^  aiid  is  eiitinly  n|H>nij^ritUp,  liiid  tlii'  intnjduftioij  of  4]ii'  tenn  ciidotlie 
Itrtl  cHiiciT  wcmld  easily  ^ivc  risie  lo  ennfusiiiii;  lay  tin*  Irrrn  raiitrr  in  ^rm-ral  i«  imrlrr* 
slcxwl  an  epitlii'liid  tumor,  and  it  rlor.n  not  seem  expedii^tit  to  iiar(iduee  two  tj^pes  of 
caneer — un  epitlieliid  and  an  endufhctial* 

T  tiave  elassi'd  as  enEluilH-lioniatii  thuNe  1  uiuiiirH  of  the  stMitiis  iiiembraiies  whk  h  are 
clmracteriZL'd  liy  tlie  formation  of  rrH  rmrds  in  the  lyin|di  r-haunel^,  on  tlie  Jissuruptiou 
that  tlies<*  cf>rd»  of  cell»  ame  from  the  (Miilotlieliuin  of  the  lyaiphvesst'ls  and  lymph- 
spaceH-  I  must  adnnl,  however,  thai  I  do  nt>t  irmnider  ihis  asiRUiapliou  as  alisuhitely 
proved,  in  spite  of  thi;  eonenrrin^  di-finitr  slatiinttits  of  11  ininibiT  of  authors  (see 
Oinckfter).  T\w  jiossiintity  of  tliiir  developuKirt  from  tlie  ojiitlielium  of  the  fw'tosft  is 
not  exehided  ilhufftf),  and  If  sueh  an  oii^fn  euuld  he  proved,  the  (|uestion  woidd  iinw 
wlnfllifT  it  wouhl  in)t  hi'  hettr;  to  Hass  these  tuiunrs  with  the  CHrginoniata,  sinee  the 
torresponditi;^  tumors  t^f  the  kidneys  und  ovjiries,  whost'  gUndcella  arise  from  peri 
toaeiil  cpithehum,  are  elas^sed  with  tlie  epitlnlml  tumors. 

Accordinjc:  to  invesligattons  by  Jf.  B.  Srhmidt,  tlie  eelhdar  elements  of  the  Bar(x>> 
niatii  of  the  dura  mater,  as  well  aa  of  the  psaiinnomata  (g  116),  that  for  the  chief  part 
are  located  in  the  neigh horhoinl  of  the  iluriil  sinu!^.  arisi-  fnan  emkdhdial  cdh  of  the 
am^hnmd  tlial  under  fdiysiohigical  eonditions  tire  jiusJuMi  int<j  Uie  tissue  of  the  dura,  iu 
part  i>y  the  ingrowing  Paechionian  tiodies.  ami  in  part  as  iudependeiit  cell-plugs  from 
Iheamooth  sufface  of  the  aruehnoid. 
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g  1 15.   Tlie  h^manir'*>sarcomata  i-epresent  a  ^i-oup  of  *>r^aiioid  nar 

eoiiuita,  in  whifli  ihe  walls  of  the  blood-vessels  nud  thrir  surroiUKlin^ 
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Fir.  :a«9.— ni4MHl-vi<i4a*l  I'mlottiHfoinA  of  the  kMney   (fonoAllD*  tlwnmtojfTUii,  Lnmn).    n^  V«- 
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bloml-Yesaol  ."^pacos  liuod  with  Piibicjil  or  cvlimlricnl  ciHlothdhim  (Fig* 
LM*0.  ^(s  (jrltM'iiiuils  couipletely  iillinl  with  siirb  ct•ll^*  (h).  Areoiiliii^  to 
the  muiiber  of  blrtod-e*»iitaiiiiiifi^  vessels  the  tumor  is  eitb<M*  durk-r.Mh 
pale,  gniyish-Avliile  or  yell<*wish-wbite.  The  eiidritbelijil  eells,  aecordiiig 
to  the  stiL^e  of  de\  elopiiiciit^  iiiiiy  C(Hit;iiii  |^Iyeo;LC<'0  or  f;it  or  both, 

A  sectmd  forui  oi"  biPJiuiiiKiosiueonia,  the  hffiitiangiosarcoma  in  a 
uiiiTow  8c*iise  (tieeiisionaUy  also  ridh'd  pt^rithvlhrna),  ajisrs  tbrou«,di  tho 
prolit'eralioii  of  Uio  tissiu*  of  tbeiKiit*r  layeis  ot  tbo  bh tod -v€\ssei  avails 
aod  their  iiuniediaN*  siHroinidin*;:^,  so  that  the  veKsel-liimiiia  are  siir- 
rouiidrd  by  a  mote  nv  less  thkk  iiiaidle  of  eells  ( Fi^.  300,  h), 

III  ty|jiral  eases  the  taiaijrt  issue  eousisfs  ahuost  wholly  of  a  oonfused 
tailzie  of  I ^lood- vessels  (  Fi^^  :iOO,  u),  wb<>st^  Avails  are  surniunded  by  \i 
tbirk  layer  of  eells,  wbi(*h  often  reach  to  the  eiidi^theliniiL  Tbt*  tbirk- 
walled  tidK^sof  erlls  sometimes  ruu  an  isolattni  eours*:^  and  sit  other  tiau's 
uuastoHios*\  so  that  varirvusly  formrd  twis1in;C'S  and  iJderweavin;i:s  result 
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h'HilU^.  riiri[Mln»rilih>rrm of  tlit' pttmtiiJ  with  iiuirloMiriotnu  (MllliHr'4  rtiil>l,  hiiMiMtl(»xvliii.  <>i»ftln»  ft, 
Amksx*t  cjiftltHire;  /*,  ihMut*' sMimiiim  tissue:  c,  blutvl^Viiaiiel ;  <^,  I'^Jl-tttniudA  urlslnif  from  UtiKMl^vcsiik^b,  mid 
111  )iMrt  Cffitt&liihm  It  hyalltM-  NuMtaiKt^     ,<  Nfi. 


(pirjtifonn  ant/hHanr>ma).  The  tissue  lyin^  betweeu  th«^  t'elbsti*auds  is 
the  remains  ai'  tht»  ori^^iual  tissue  ( Fi^^  301,  //),  and  aiay  sHll  eontaiu 
chanicteristie  tissue  format  it>us,  as,  for  exaTUjile,  ^dauds  if). 

Hlxould  a  more  aetivr  iiri^liferatioii  of  tin*  pi-rivasealar  ruauth*  of  ei'lls 
occur,  and  if  Uu\s<»beeoine  continent  with  eaehotlu^r  (  Fi«;.  301)  thetnujor 
parses  over  into  an  ordinary  sareoma.  This  change  ahno^t  invariably 
fX'cui's  ill  the  lar?',rr  tuuiors  of  this  kind. 

na'niau;;iosint'omata  occur  iu  the  most  varied  organs:  testicles,  kid- 
neys, Hiilivary  inlands,  bones,  ln*ait),  mamma,  thyroid^  skin,  carotid  jr laud, 
coccygeal  gland,  ovaries,  and  liver.  In  the  last-named  organs  they  are 
rar(\     Both  furnis  may  j;o  ocenr  thai  llie  tuniur  llinnjgfioid  Itears  the  4'liar 
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Fio.  308.— Alveolar  m«'lanoUo  san^tma  of  the  skin 
(alcohol,  hflpmatuxylin).  a.  Monoouclear.  ai,  multi- 
nwlear  sammia  <t>llfl  of  epithelial  obaFarter;  b,  jiig- 
nieDt-4wntainin(r  cells;  c.  stmma  with  blood-voow-la 
and  pigment,     v  :«i. 


acterof  a  lueiuaiigioKar<*oina ;  but  it  als<»  hapi>eiis  that  such  priiliferations 
of  the  vessels  form  ouly  a  single 
feature  of  other  tumors  fFigs. 
302,  c,  d;  311,  d);  and  though 
this  feature  indeed  gives  charac- 
ter to  individual  portions,  it  is,  on 
the  whole,  overshadowed  by  other 
features  of  the  growth — as,  for  ex- 
ample, a  fibro-cellular  tissue,  car- 
tilage (Fig.  302,  a,  b)  or  myxo- 
matous tissue  (Fig.  311,  a). 

Lymphaugiosarcomata  a  n  d 
hsemangiosarcomata  cannot  al- 
ways be  sharply  differentiated 
from  ea<?h  other,  and  tumors 
occur  to  which  both  designations 
may  be  applied  with  propriety. 
The  perivascular  development  of 
the  endothelial  proliferation  with- 
in the  brain  in  endothelioma  of 
the  pia  (Fig.  296,/,  g,  h)  would 
justify  also  the  application  of  the 
term  hsemangiosarcoma. 

If  in  a  lymphangiosarooma  of 
the  skin  there  is  such  a  rapid  de- 
velopment of  the  cell-nests  that  the  space  In^tweeu  the  vessels  becomes 
wholly  filled  with  cells,  so  that  the  fnimework  of  the  tumor  copies  to 
consist  onl}'  of  blood-vessels  (Fig.  303),  it  becomes  an  open  question  as 
to  whether  the  tumor  should  be  calltHl  a  lymphangioendothelioma  or  a 
haemangiosarcoma. 

Forst,  in  his  work  on  tumors,  has  entirely  separated  the  emlothelimnata  (lymphacgio- 
and  hffmangio-endothelionia)  from  the  sarcomata,  and  has  attempted  to  chiss  them  as 
an  especial  fomi  of  neoplasm.  In  .so  far  as  typical  microscopical  pictures  are  concerned . 
such  a  separation  is  indee<l  possible,  hut  the  endotheliomata  in  genend  do  not  show  in 
all  portions  so  typical  a  structure  that  they  can  be  distinguishtHl  from  ordinarj'  sarco- 
mata. Further,  it  is  by  no  means  detennined  that  endothelial  cells  of  the  lymph- 
spaces  and  vessels  do  not  take  part  in  the  fonnatinn  of  sarcomata.  It  seisms  to  me. 
therefore,  better  to  consider  the  endotheliomata  as  an  especial  fonn  of  sarcoma  in 
which  the  structure  of  the  tumor  still  permits  us  to  see  that  undoubted  endothelial  cells 
give  rise  to  the  cell-ma.sses. 
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Sec  also  g^  1 U  mid  116. 


;:  116.  Sarcomata  which  acquire  a  peculiar  character  through 
especial  products  of  the  cells  or  through  changes  in  their  ground- 
substance  are  io  hv  iVuiufllinth  iimoii^  thesirnphvaiidtlM' or^irn^iU  lV»iins. 
The  i'hit^f  types  btdoii<^in^  iu  this  ehiss  are  the  melajiiksjircuniu,  ehloioina, 
(►stensitretjjuji,  osteoid  ^ureoiua,  the  petrifyiiijr  sareoma,  psiiiiiuiymaj  aiitl 
the  Kareoiaata  eonlaiidii^  hyaline  foniiatioiis. 

IVlelanosarcomata  oeeur  in  lissius  wliieli  contain  i)ifi:niented  coimee- 
tive  tissue  vvUs—rhroftHttophorrH.  They  develop  most  freipu^Jdly  in  the 
ehtuoid  <if  tlie  eye  and  in  the  skin.  In  the  hitter  eas*^  they  aris4-  eldftiy 
from  pJL;iiR^n<e(l  niojes  and  lenti]p:ines.  They  Indon^^  to  the  niali'.niant 
sjn«*nni!ita,  i^riiwinlo  tlie  iieijjchlKjrinijf  tissnes,  and  ^ive  ris*?  U>  mi'tastases. 
Tlie  fnll^^  *h*\ (doped  Inninr  is  in  wlnde  or  in  part  snn^ky  gray  to  hlaek  or 
hrownish-bhiek,  the  eoh>r  bein^  dtie  to  Hie  i>res*MU!e  of  ronml,  angular, 
fusiform,  and  branched  c^Hs,  wliich  are  filleti  with  yellowi.sh- brown  pig* 
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Fro.  ODL'-MeliitioLIc  sammiti  i*f  tho  skin  ^alrfih^i.  r-nnnlno.  wi!»ln).    n,  SiirmmA  CtiAU«*  rtrh  Iti  wlli;  b»  O0ll- 
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iiHMit  granules  (Fip;.  304,  b,  e:  305,  r),  or  are  stained  a  diffuse  yellow. 
Ill  tlH'  alv<M)lar  forms  lx)tti  the  hirge  oell-uests,  as  well  as  the  smaller  cells 
of  the   su])i>ortiiig    framework,    may  contain   pigment.      It   is  often 


Kio.  :iii'i.    MHabtuMiH  of  n  melanotic  stan'onm  of  the  »V\n  in  the  mp»enipry  of  the  sanall  Intestine  (fomui- 
:iii,  uUiin-i'4innluej.    d,  IViituueuin;  2«.  fut  tissue;  (\  saironia  nudule;  (£,  isolated  dmimatophores.     X  2R0. 


iiV*  \      ....\-  I.   ..]    .\-lis\v 


>.       Ki^rn-.Alin.   nitric   add.   hrmatoxylin. 
v.....':.,oiou>  ]>ro]ift'niTion  arianfr  from  ih^ 


They  de%'elop  most  frequently  from   the  ijeriusteiiiii   of  the  cranium ; 
and  coiusist  of  tissue  made  up  of  roiiud  ctjlls  and  a  reticular  str<»nia. 
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Tia.  3fJ9,— PKrifylnif  liimiM^'elled  sun^omn  i>r  ihr  ribia  tMOIIt^r's  Uuld,  lueiiinloxyliu,  *^iHtn>.    n.  Poly- 
tiorus ;  (1,  iit-trlfyiuu  imUs'uUf  u!  Uj^  i^lnmm.    x  330. 

They  miiy,  therefore,  he  eUissed  with  the  lyinphosiirconiata.  They  may 
lie  iii^oeiiited  with  a  lymi>hit'm]a.  Heeent  sludies  (Wiiithiii,  Klein  and 
Steirduuis,  etc.)  8h(»w  that  ehhuxmiala  are  primary  tiniiors  of  the  bone- 
marrow,  arising  from  thi*  pan^iit-cellH  uf  the  whit<^'e*'11s.  Bnnie  emisist 
ehietly  of  myl*hK\vt^^s,  either  nentnjjthih^  or  eosioophile,  whih^  others  are 
compusi'd  of  eell8  restMublinj^  lymph ocytes.  There  m  nisuaUy  an  associ- 
ated tenkiemic  eomiiti*in  ni  tlie  l>loiKh 

Aeeordin^  to  i  'hiiiri  iiiid<  JruU^r,  the  n;riH^H  vuhiv  is  due  tu  tin*  presence 
in  the  cells  of  suiall  .shining  siiherules  which  give  the  mierochemical 
i-eactiouii  of  fat.  In  harmony 
with  this  view  m  the  fact  that  the 
color  disajipears  in  alcohol.  On 
the  other  himd,  von  KeckHi»|3:- 
hanscii  holds  tliat  the  cotdr  is  a 
proi»erty  of  the  psireiidiyma  and 
that  no  niorplmt(i|;ical  i^lciut^nls 
are  the  carriers  of  tlie  cnh*r. 

Osteosarcomata  or  ossifying 
sarcomata  occur  eldt^tiy  in  con- 
nection wilh  tiie  skeh4<>n  and  are 
eharaclcrizrd  hy  the  new-forma- 
tion of  hone  within  san^oniatons 
tissne.  The  new  Imne  arises  at 
tunes  fr«im  a  thi(*k  liomogcneons 
ground  substance  (r,  c^ }  fnrnied 
between  tlie  Innior-cells  (Fig. 
30(1,  h)  which  is  either  etniiu^ch*d 
(c,)  with  the  ohi  bony  fralHH'ube 
(a)  or  arises  independently  {e), 
or  at  other  times  fiom  a  coarsely  fibrillatcd  connective  tissue  (Fig.  307, 
c)  which  gradually  iRM-onies  eontlerisetl  f/i )  and,  taking  np  limesidtii,  is 
tninsfurmcd  in  In  lKin«\ 

Osteoid  sarcomata  develop  in  tlie  endosteum  and  periosteum,  and 


r: 


^ 


Fro.  UIO.-  Portion  friim  a  psHnirioTiia  of  ihti  ilura 
mBtvT  in\ri*h't\,  \^W\■ir  hijiJ,  iKt'tmiiLkxylliii,  f^^lnji.  <r, 
Hyullne  tiu(  liaLi'fl  .Hp^ienil*'^  ini*l)»8jntf  ciil^iinHNiu**  eon- 
I'^rHtlon;  h,  v»U'^r*'itMn  vnnrn^yUm  with  livnifm'  rum- 
nuclBat*'*!  l>nrd<'r,  Inrlosi-il  in  tUmJiis  loimwlive  tl*- 
BU4*;  i\  calf^ir^'tms  «'iiii«Ti'tl"ii  HiirrouniliHl  hy  hyttllni' 
cunin^nH**  liK*ui^;  rf,  spiruk*  ut  Jfiiie  in  the  w*nQO<*- 
IH'ii  il*i*iue;  t%  Bi>l«nilB  with  thrw  c«jnon«tf«jnfl.    X  laUi 
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are  ehanietei'ized  by  a  thickriiiii*:  tif  the  gryiiiul-siihstiiiiro  in  c*c*rtaiu 
areas,  8i>  tiiiit  Ihert*  nre  Unnivd  truhmihr  t*f  tmfroid  tiH,stit'  (Fi^.  .'WS,  h). 
HiN'h  tiiiiiuiTS  nit*  rlosely  relah^d  to  the  osti^osui-euiJUita.  but  ditTer  from 
tiieiii  ill  \hv  'dhsi*\ivii  o\'  deposits  ot"  lime-HaJts, 

Petrifying  sarcomata  likcnvistMH^-iir  most  fr(*quc*idly  in  coimecliini 
witii  tile  skek^oiu  and  are  eliiii-iiderized  l>y  tlie  develojjrueid  Ijetweea 
the  tiimor-eells  of  trai>eeulie  of  a  delicate  jxT'oiuHlsiitjstanee  (Fi^,  3i)Jf, 
r),  tliron^'lj  tlie  rafriftaidon  (d)  of  wliieh  tlie  tiiiiior  tissue  l>eeomes  hard- 
eued,  altliou|(h  no  ty|)iral  bone  is  formed, 

Psammomala  or  ,Hafid  tttmors  (aeervidoniata  )  lue  ssireonisita  or  tiliro- 
Sjireojiialit  of  t lie  dura,  inner  ]nenin*;es,  or  pineal  i^daiid,  vviiieli  eontaiti 
cotii'ntifiitH  tif  Vime-mUH  in  ^jeniler  or  less  ahnndaiiee,  Sonii^  of  tliese  eon- 
cretions  are  similar  in  strneture  to  ttie  nor'm:d  In'ain  s;uh1,  tjie  Intsis  of 
tlieir  forrjiation  Iteinjuj  eoncenlrie  layers  of  eells  whieh  Inive  nnder|j:one 
hyaline  de^eneratitni  (Fi^.  310,  ff,  h^  r).  Oeeasionally  t lie  (^Inilky spher- 
ules lie  inside  of  individnal  eells  anil  represent  hyaline  pnKloets  id*  the 
cells  whieh  Inive  later  beeunre  caleiiieiL  Othei*s  are  iiune  *d'  the  nature 
of  spicules  (d),  nml  arise  tlirou^h  the  deptksit  of  limesalts  in  eonneetive 
tiRSue  or  blood-vesiieLs  which  have  uiidergoue  hyaline  degeneralii^n. 
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Fir*  3tl.-MyxivifcnjrtoMLiTom4  of  th<»  pumnd,  w\th  Iiynlinc  ftirrnfttlinjfl  (^OUiVh  lluUt  hii'malnxyHD^ 


Psiimmoiaata  usually  i*orni  i-onnd  nrMhdes.  and  may  l>e  i>f  multiple 
oeenrrenei*. 

Sarcomata  with  hyaline  formations  (the  myxosareomata  exeept(Hl) 
arise  as  follows:  Eithtr  tfir  rtllHjhrm  htftifitir  prinlitrfM^  nr  thttf  (hnnHrfm^n 
beconw  eonrrtinf  hdt>  Mnrh,  or  ihc  fnfftf  lirvHttprtf  rftntitrtirr  tfHsite  atid  the 
hloodrt'HHrffi  nudrifjit  itf/ftfim'  drf/rnendiofL  These  ehanp*s  nniy  take  [daee 
insiniplesiii"<^innala  as  well  as  in  erulotheliouialaaud  ha'Tnan^iosarromatu; 
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but  occur  much  more  frequently  in  the  last-named  tnmor-forms  (Figs. 
307,  b;  302,  d;  311).  The  hyaline  masses  may  form  spherules,  or  club- 
like forms,  or  cords,  or  net-like  or  cactus-like  figures.  They  pu^  the 
cells  apart,  and  often  reduce  them  to  narrow  strands.  Billroth  has  des- 
ignated such  tumors  as  cylindromata.  In  endotheliomata  the  hyaline  de- 
generation may  be  associated  with  the  fonnation  of  laminated  masses  of 
Jiatte^ied  cells  like  the  layers  of  an  onion,  around  a  nucleus. 

Hyaline  degeneration  of  the  vessel-waUs  and  of  the  connective-tissue  bundles 
results  in  a  thickening  of  the  same  (Fig.  304,  d),  sometimes  uniformly 
and  sometimes  irregularly  distributed.  Hyaline  products  of  cells  have  a 
tendency  to  assume  a  spherical  form  (Figs.  297,  h;  302,  d;  311,  c,  d). 
The  disintegration  of  larger  cell-masses  with  hyaline  change  leads  to  the 
extensive  formation  of  hyaline  spherules,  strands,  or  branching  struc- 
tures. 

If,  in  endotheliomata  and  angiosarcomata,  the  cord-like  masses  of 
cells  which  have  been  formed  within  the  lymph-  or  blood-vessels  become 
converted  into  hyaline  masses,  there  will  be  produced  formations  which 
greatly  resemble  glands  containing  colloid  (Fig.  311,  d) ;  and  which 
have  often  been  mistaken  for  such. 

Ribbert  regards  tlie  melanosarcoma  as  an  especial  form  of  tumor  arising  from  the 
chromatophores,  and  would  for  this  reason  separate  it  from  the  sarcomata  as  an  individ- 
ual tumor-type.  It  is  to  be  noted,  however,  that  in  the  development  of  the  melanotic 
sarcoma  other  cells  besides  the  chromatophores  take  on  proliferative  activity;  so  that 
melanotic  sarcomata  can  be  regarded  only  as  sarcomata  in  whose  development  certain 
cells,  which  possess  the  power  to  form  pigment,  have  taken  part. 
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2.  The  Epithelial  Tumors. 

(a)  Creneral  Remarks. 

§  117.  The  epithelial  tumors  are  new  growths,  in  the  formation  of 
which  both  vascular  connective  tissue  and  epithelial  cells — that  is,  cells 
which  are  derived  from  either  superficial  or  glandular  epithelium — ^take 
part.  The  distribution  of  epithelium  and,  connective  tissue  follows  in 
general  the  normal  armngement  of  these  tissues,  the  connective  tissue 
either  forming  a  basement  structure  whose  surface  is  covered  with  epi- 
thelium (skin  and  mucous  membranes),  or  forming  a  network  or  stroma, 
in  the  meshes  of  which  the  epithelial  cells  are  disposed  (glands).  The 
imitation  of  the  first-named  structure  leads  to  the  formation  of  papillary 


fi^paf^^^^^ 
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Fig.  312.— Papillary  epithelioma  or  Ichthyotlc  wart  of  the  skin  (MOUer's  fluid,  baematoxylln,  eosln).   a, 
(orlum  :  h,  enlarged  papillary  body ;  c,  laminated  horny  layer.    X  26. 
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new-growths;  thai  nl"  tin*  s(»('e*ii(l,  to  the  foriimtioii  of  iiioi^  or  less 
shai'i)lv  eii-cum^cTilH^d  nodules  or  tu  extensive  superficial  thickenings 
of  tissue. 

Acc'cnxlhi^  to  tiio  pliysical  chimu^t eristics  aii*l  ^^roupin^  of  tin*  epi- 
thelial f'«41s,  as  wrll  as  tlir  rliiiifal  lH*havior  of  tliest^  tuioors,  e|iitliplial 
iiew^nowths  may  he  ilivi(le<l  into  two  ^roup^;  one  group  ineluditii;  Ihe 
papillary  epitheliomata,  adenomata,  auil  cystadenomata ;  the  other 
t  lie  carcinomata  a nd  cystocarcinomata.  Tlie  (irst  ^n *»u p  is  ehnnieteri/ed 
elinirally  hy  tlie  lieiii^Mi  ehai'iielrr  i»f  Itio  griiwUis,  which  mtHhtttpiijrir- 
cumsrriheil  aiitl  Uniii  tto  mdafufafirii.  Tliei>4'eoii(l  giouj*,  on  thtMither  haial, 
ineliules  tlie  laali^naiit  lu^w-^rowlhs,  whivk  [ffoir  !»[(  iufilttatiiiti  and  4/ive 
rtH/' t<t  ntHft.sf<ff(fs.  The  two  grnuiis,  howev**r,  are  not  Khai'ply  stqiaraliHl 
from  oiK>  another,  {is  papillary  epitlieliomata  and  adeuonuila  may,  through 
chaiip^s  ill  tlie  jmnlo  of  n'productioii  and  the  mauiier  of  spreading  of  the 
ei>ithelial  eel  Is,  lK*enino  changed  into  ciireiuomata.. 

By  various  German  authors  all  ppithehal  tumors  are  callcKl  ejnihelwm/ita,  the  he* 
ni^n  foniis  as  well  us  tlie  nifilignant,  "rhe  French  ar>ply  the  term  epithelioiiui  to 
carcintjma^  hul  rml  ki  thi*  Ivenipi  papillary  opitlielioruata*  fuloiiomata,aml  aHenocyst<v 
mala.  The  extension  of  the  <ie.sigiiation  eiatheiiunm  to  iill  epitbehal  minors  may  be 
justifieil  from  thi'  scientific  side,  hut  is  not  pnictical.  The  name  carcinuma  is  sotmi- 
versally  usi*!]  tliat  it  wouM  not  he  easily  given  up.  If  we  apji^y  the  term  epithelioma  to 
hoth  carcinonui  and  adenoma,  w*  are  deprived  of  any  especiu!  designation  for  the  he- 
ni^n  epithelial  tumors,  nnd  we  are.  therefore,  forced  to  use  various  modifyinc;  terms 
in  order  to  express  clearly  the  tumor-form  meant.  The  attenoma,  for  exaiTiple,  would 
have  to  he  designated  as  epilhelioiaa  adenoiiiatosum  benignum. 

(h)   Papiihrnj  Epiihrlioma,  Adenoma,  and  Cijdtuhtnoma, 

g  118.  A  papHlary  epithetioma  in  a  new-growth  whieh  is  composetl 
of  a  framework  of  e(mneetive-tisHiiei»apilhe  eovered  with  epithelial  eells. 
In  strtiettne  it  is  thereft*re  similar  to  the  papilhe  of  the  skin;    Init  the 
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Fra.  iM3— Si^ntlf^  lM>niy  wiirtof  fon'tienrl.  rnim  n  womttn  eiirbtir-fmir  yeureof  offt*  falcohol,  hiematciXT- 
lln,  wwlrii.  ri^  Curium  ;  ^j,  t«r»Uht'huni ;  r,  Mmjphk'  f*i4i*jri'i uih  irliindj*  wJth  aevelupmeiit  uf  lioriiy  e(>itlit'tlum 
Iti  tlK*lr  ducts:  d,  tJi'iH-nronhk"  horuj  Iityers;  c,  eDlftryiHl  [xiplllif.     :■;  ir». 
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papillit  uf  the  new  growth  are  as  a  rule  liiglier  ami  oft-eii  braiicihe<i  uud 
t\n' r\n\hv\m[  cuvivnii;^  Ihirker. 

The  papillary  epithelioma  of  the  skin  iK'tnirs  in  the  njriii  of  trarttf 
profitherttfivtM,  whu'h  ronsisl  ni  slender  jiapillif'  (Pi;;;.  ^^12)  eovered  witli 
epith(*Iiiini,  the  sui*erheial  liiverH  of  whirli  show  niaiked  eoruitieiitioii 
[irftthi^otie  frftrfH  iind  hanuf  iatrLs).  Ttiest"  warts  may,  like  tln^  ileshy 
wurts  (MM'  S  lf^8),  a]iiM':ii' dnriii;::  ehildiuHKl  (  ffftthtfutir  wtui^)  as  well  as  in 
old  n^e  i^iwrnwa  aenifi^).  The  lirst-tniioed  furm  I'ep resents  a  lueal  nnil- 
formation  nf  the  skin  (  Fv^.  *M2} ;  wliilt*  tlif  last  name*l  istlne  to  a  patho- 
lii*;ieal  pr<ilirrrati«ni  and  ei»rnitieati»in  of  Ihe  e]>itheliuni  i  Kij^^  3LS,  f\  d) 
fulhiwed  liy  ail  ont^rowth  iif  I  he  pajijlhe  at  the  periphery.  An  ^vxees- 
sive  eonntieation  of  the  ef>itheHnm  Mver  hypertrophie  |>ajiill:i\  ;;:i\  inj^ 
rise  to  eylinth'ieid  or  eonieal  masses  of  horny  eelis  in  whieli  the  lun-iiy 
hiyerslieat  right  arif^les  to  the  surface  of  the  skin,  leaiU  to  the  forma- 
lioii  of  a  ntfamouK  horn  or  rortfn  rtttanftim  ( Fi;rs.  134  and  l.'i5)» 

Papillary  epitheltoinata  of  the  mucous  membranes  orenr  t  ith«r 
in  the  fortn  <»f  warty,  nnihilar  forinutiotLS  (Fig.  314,  i\/)i  or  in  thai  of 
lon^^  slendiT,  papillary  exeivs- 
ernees  (Fi,s^.  ^^15,  rO,  whieh, 
sjirio^nng  from  a  narrt^w  hase, 
an*  oftni  repfatinlly  hranrhiHl.  /IsYk 

The  former  variety  is  loand  es- 
pecially fi'equently  in  tlie  hir-  iliiW^^^^^^^^^^M^\  "^ 
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Fie*  H14.— Papllkry  epllhcllonm  nf  lUe  luryiix.    m.  EpIirUjUls  :  h,  <vi»\t\e%\  crliNihl  airniiifn* ;  <*.  niyn«ld  Rartt- 
iaiR^ :  d^  imrlitfft  j  r.  /,  pftiflllury  |i{x)Hffi%tion!i.    Nutunil  %\£ni. 

F»«.  UUk—ruplllary  tH>ltIiellrnna  (if  x\w  iiHtian^  ljlJ»4lit<T.    «,   Epiihclltiinn  :  h,  c,  eQlarg«*i|  prnstiiU* ;   *L 
thlrkiMiiHl  hiaikkT-ntill.     Flvi-^rstbs  lUturA]  ^lx«'. 

ynx,  nioi^  rarely  in  the  nose  and  nriniiry  bladder;  tiie  latter  most  frequent* 
ly  ill  the  urimiry  Madder  and  pelvis  of  tlu5  kidne>,  vaj^^inal  poition  of  the 
uterus,  and  moii'  rart^ly  iu  the  ureters,  jxalld)ladd<*r,  and  Inliaiy  ]>a.ssa^e8. 
In  bolh  inis(»s  theexeresi'tMicesare  ftaiiied  of  slender,  eHiuieeti^e  tissue 
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vascular  papillae  (Fig,  31G)  which  contain  bloml-vesRels,  and  are  cover 
by  M  Ihick  layer  of  cpithelimih  The  character  nf  the  epithelium  corre- 
spninlsiii  ^euenil  to  that  of  the  pjirt  in  wliieh  the  growth  ueciirs,  but 
l^apinonisita  covered  withstraHfied  squiiuions  cells  are  isoinetiiues  seen  in 
regions  which  normally  possess  cylindrical  epithelium  (uoBe,  trachea). 

Papillary  epilheliomata  in  dilatatuon-cysts,  which  ai*e  also  called 
papillary  cystomata,  occur  most  fn^iiuently  in  cysts  of  the  ovary  and 
in  i-ysts  of  Hie  dnets  of  tlie  mammary  ^daiid,  more  rarc^ly  in  athrrotnata 
Hlpniioids)  of  the  skin,  Witliin  tlie  cyst  are  f«n*meil  small,  wai'ty  ele- 
vatiiins  or  <*anli11ower  like  tnmoi*s,  wliicli  mider  certain  conditiiiiis  may 
fill  Uie  entire  «*yst-eavity.  Their  strueUire  corresjHjnds  to  that  of  the 
similar  excreseeiiees  in  papillary  adenocystomata  (see  §  120),  or  the  pap- 
illary ejiitlielirmiala  of  the  skin  and  nnicons  membranes. 

Papillary  epitheliomata  ot  the  surface  of  the  ovary  apj^ear  in  tinms 
similar  to  those  of  the  uriuary  bladder,  but  are  lare.     Papillary  epithe* 
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Fm.  316.— Pti pillion'  eplthellomi  <if  the 


..inJder  (nkvphut  hivmiitoxvlln,  wiiJn). 


Iiomata  of  the  cerebral  ventricles  tiike  their  rise  in  part  from  the  telee 
ehorniiiea\ 


It  is  ditHtHilt  to  druw  a  sljurp  iiiR'  between  papillary  epltheliomatA  uud  either 
fonnaTiiiDS.  In  pftrtifulur  do  tliose  intlamiiiatory  prolifemtioiks  i>f  Iht^  ftkiu  aw}  mucous 
ineinbmiH's — the  pointed  condyloinatii — wliicJi  th/velop  tfttin'cuilly  iipou  tljt*  exicrmd 
geiiitMis  utidcT  till!  intluenri3  of  iloonic  irritiitioiis  (compare  Pig.  234)>so  cloaely  resem- 
ble the  epiiheliomrita  ttuit  their  lutlamnialory  odgm  forms  the  only  point  of  difftT- 
eure.  If  the  coimectivc  ti*isue  framework  of  the  papillary  out|^riiwtIis  is  develnpt^ 
tn  n  IT rn filer  extent  than  the  eplthelinmp  the  tumor  uiiiy  he  chissed  with  tlie  papillary 
fibromata^  and  it  hecomes  a  questioa  of  indivuliial  standpoint  as  t^  which  deMvi^Htiuu 
shiill  he  employed  Intermediate  ff)rmscan  bedcaigoated  a^  papillary  flbroepltlielto* 
mata.  Fimdiy.  the  lienign  iiapillarj  epithelioiiiafu  tnaj  pafis  over  into  CArcliioitiala, 
either  tlirnu^di  th*^  growth  of  the  epitlieliimi  at  the  base  of  tite  papilke  into  ttie  under- 
lying connective  tiiwue,  or  throoLdi  the  extension  of  tlie  proliferiiting  aurfttce  epithelium 
upon  nei(2jhboring  i>rgana  (as  in  the  nise  of  the  pat^ilhtry  epithelioumta  of  the  ovary). 

A 1 1  lo  n  ^  1 1 1  e  V-  pi  ( 1 1  e  I  to  n  ift  t  a  may  be  c  lasaed  those  f o  rma  t  iona  k  n  o  wo  as  c  ho  lesteato- 
mata  or  pearl  tumoriSi  which  in  part  are  caused  by  inflnmniation,  and  iu  piitt  repre 
sent  misplaced  ejubrjnnal  tissue.  The  moat  slriking^charaete^ristic  of  the  cholesteatoma 
is  the  fnrnmtion  of  glktening  white  pearls,  which  consist  of  thin,  scale-like  epithelial 
cells  pressed  cloaely  together,  and  often  inclose  cholesierin.     These  tumors  are  found 
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most  frequently  in  the  descending  urinary  passages,  the  cavities  of  the  middle  ear,  and 
the  pia  of  the  brain ;  very  rarely  In  that  of  the  spinal  cord. 

Pathological  comiflcations,  with  the  formation  of  glistening  white  scales  and 
pearls,  occur  in  the  urinary  pasmges,  particularly  in  the  course  oi  chronic  inflamnui- 
tions.  In  the  tympanic  cavity,  matttoid  antrum,  and  external  auditory  canal,  the  chole- 
steatomata  appear  as  yellowish-white  or  bluish-white  nodules,  varying  in  size  from  that 
of  a  cherry-stone  to  that  of  an  egg,  and  presenting  an  onion-like  laminated  structure. 
Through  their  pressure  upon  the  neighboring  bone  they  may  cause  ita  disappearance. 
They  arise  as  a  product  of  squamous  epithelium  which  has  penetrated  from  the  ex- 
ternal ear  tlirough  openings  in  the  ear-drum  into  the  cavities  of  the  middle  ear  and  has 
replaced  the  cylindrical  epithelium,  and  under  especial  conditions  (chronic  inflamma- 
tions) produces  the  formations  above  described.  It  is  probable  that  in  rare  cases  they 
arise  from  epidermoidal  cells  which  during  the  period  of  embryonic  development  have 
found  their  way  into  the  cavities  in  question. 

The  intracranial  cholesteatoinata  are  found  at  the  base  of  the  brain  (very  rarely  in  the 
spinal  canal),  in  the  region  of  the  olfactory  lobe,  tuber  ciuereura,  corpus  callosum,  in 
the  choroid  plexus,  in  the  pons,  medulla  oblongata,  and  cerebellum.  In  these  regions 
the  cholestcatoniata  appear  on  the  surface  as  silk-like,  shining  nodules  of  varying  size 
which  extend  more  or  less  deeply  into  the  brain-substance.  The  nodules  are  single, 
but  cliolesteutonia -masses  may  become  separated  from  the  chief  nodule  and  displaceci 
into  the  neighboring  tissue.  According  to  Ihatrom,  it  is  always  pos.sible  to  demon- 
strate, at  some  point,  a  connection  between  the  pia  and  the  cholesteatoma,  where  the 
scales  composing  the  cholesteatoma  take  their  origin  from  a  cell-layer  lying  upon  the 
vascular  connective  tissue,  the  cells  of  this  layer  throughout  bearing  the  character  of 
epidernioidjil  cells.  The  cholesteatomata  of  the  pia  may  therefore  be  designated  as 
ipithelioniata  or  as  ejndeniwids  {Bostrdm)-,  and  their  origin  may  be  explained  by  the  as- 
sumption that  in  the  early  period  of  development  epidermal  germs  are  misplaced  into 
the  anlage  of  the  pia.  According  to  BostrOm,  this  takes  place  in  the  time  between  the 
closure  of  the  medullary  canal  and  the  separation  (by  a  process  of  constriction)  of  the 
secondary  vesicle  of  the  fore-brain  from  the  fore-brain  or  the  't  ween-brain,  and  the  separa- 
tion of  the  after-brain  vesicle  from  the  hind-bniin  (fourth  to  fifth  week).  These 
epidermoids  may  therefore  be  classed  with  the  teratoid  tumors  (see  Teratoma). 
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Wfvrnilun  nf  the  surfiioo-<^pit!iHitim  or  r^f  glaiirliiljir  <'pi1helium,  tlie  steps 
or  tills  proross  Ix'inj,^  simibr  lu  those  ooeorring  in  the  ifgeueratioii  ni 
normal  ^^land-tissuo.  The  h'ginniug  of  the  adeiioiiiutous  proliferation 
may  be  reeoji^uized  by  ehiin}^t*.s  in  the  form  mul  stuininfj:  <*f  the  eeils, 
Thifs  is  partienlarly  eiisy  in  the  t*ase  of  thestoiiuieh  and  intestine  in  wliieh 
udenoHuitiMis  proliferations  so  ofleii  ilevelop  in  eoiinectiini  with  inlhini- 
inatory  ami  iileerativo  proeess4\H,  Tiie  ehaiige  of  the  ^hind-eells  into 
high  eyliiidririil  cells  staining  intensely  niay  cjeeiir  at  tlie  sinoe  tinn^  or 
successively  in  a  nunil>erof  glanils  and  is  then  followed  by  cidl  pmliiVra* 
tion  and  new-fto-nndion  of  glands. 

The  eanse  of  the  new  formation  of  ghind-tissne  within  normal  organs 
is  wholly  unknown,  (tlandular  new  fornialicvns  developing  in  tissues 
whieh  have  b€H*n  altered  by  inrtannnation,  and  wliieh  h*ad  to  tunmr-like 

glow t Irs  may  iu 
t  he  beginning 
bt-ar  thr  charae- 
ter  i>f  a  regi*ner- 
ative  or  hyper- 
]>Iastic  new  t'(»r- 
maUon,  and  tor 
this  reason  the 
(ifJntomatft  frntnot 

t  nthitcd  from  rf - 
f/efif-mttrr  a  n  d 
hflp 1 1 pftfsf  tr  pi  o - 
rtfi'mimiH. 

Tubular 
adenomata  ri^p* 
resiMit  the  most 
<'onmion  form  of 
the  adenomata. 
They  occur  ]Kir- 
tieularly  ii»  niu- 
eousn^emfiranes 
(Figs.  317;  :US, 
f)  jn  en  ideil  witli 
tubularghinds(  intestine,  uterus)  ;  l>utare  found  also  iu  such  glamls  as  I  he 
breiusfc  (Fig*  319).  liver,  ovary,  and  nut  iufretjuently  in  the  kidneys. 
They  are  charaeterized  l>y  the  fonuatiou  of  siniideand  branehed  gland-tu- 
bules (Figs.  317,  fi;  h;  31 K,  /;  and 319,  a,  h)  which  aie lined  by  simple  eol- 
iiniuaror  cuVtical  einthelinm  and  form  nodular  tumors  varying  in  size  from 
that  of  a  iH*a  tu  that  of  an  ap]>le  (*r  a  man's  list,  nr  nuely  even  hiigiT. 
Tlie  alveolar  adenomata  arise  from  glamls  (uiainina,  ovary,  thynud, 
sebaceous  glands) ;  and  aie  ehanieterized  l\v  the  furmalinn  tvf  unim^rous 
terminal  iN-rry  like  alveoli  {Fig.  320,  a),  as  well  as  gland  dnets  i'/;j. 

Papillary  adenomata  (  Fig.  321,  ^0  arise  thnmgh  the  f<n'iiialit>n  within 
the  tnbidt\s  <d*  an  ademnna,  of  little  el<*vatious  cd'  c]dthelium  into  each  of 
which  a  eonneetive-tissue  papilla  grows.  The  local  e|dllielial  prolifer- 
ation (r)  and  the  formation  of  papill[e  {'?)  may  aecompany  the  atypieal 
glaud-fiiriuation. 

The  stroma  of  an  adenoma  is  at  timrs  well  di*veloped,  at  othi-r  limes 
but  slightly,  and  etmse^ineully  adcmauata  may  1k'  divided  into  hard 
(marnmary  gland)  and  Huft  mrifiirH  (  kiduey,  liver,  ovary,  testiele  i.  Au 
especualiy  marked  development  of  the  eonneetive  tissue  leads  to  the  for- 
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Firi.  321, — DeveloNinuT  vapilkiry  iKlentmm  of   x\w  kjdii*  y 
haE-raaloxyiin,  pk'rofucn»^itL  >     «,  fe, '  Fulf      '       '        '    " 
early  i)tuge4Soir  development  of  tlie  Uimor. 
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Such  forms  occur  immt 


inatioTi  of  fibro-adenomata  iyrfihrotts  adenomata, 
frequently  in  t}w  iiisiunuarv  ^^hiud. 

If»  us  Jia]>peiis  not  iiifrequeutly  iu  tlie  uiaiumary  ^laiitl,  the  entiuee- 
tive-tiKSue  prolifiuatiuu  in  an  acleiioiaa  is  not  of  a  diffuse  character,  liut 
takes  place  particularly  arouud  the  caaaliculi  (svm  Fig.  250 j,  the  tumor 
is  ordinarily  desi^iuxted  as  a  Jibroma  peHemiaUrulare,  If,  as  the  result 
of  more  niiirkeil  local  proliferative  activity  on  the  part  of  the  connective 
tissiie  (Fi^^  322,  c,  d,  f),  im  iugrowth  of  rather  broad  and  short  papillai 
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FlO.  32?-— FJbmnift  Intnu-aiialtr-iilarip  inumm^  <'flhr()-ad*»rMjmji  pftfilI(ifi*ruiiO  ^falcoIl€>1,  iihmi<*uniiinei. 
ft,  I>fii.»se.  JnU'rt'aiiHllrulHr  irnmUi  of  tlhnniii  Uamui^:  h^  |M'rh'uiin3trulur  ti:(HijiH  rlrh  in  c^^lh;  r,  iL  e,  fu^clular, 
intnifMniillriilur  <«>im<LH'tiv«L''H!t!Hii_*  prtdiferatlons  mt  luiurlliJifliiiillv ;  /,  fnti-ac^iuallfLiliir  protlfemllona  rut 
ImtifVfrsclv,    X  :S3v 


fri  into  the  ;,dand -spaces  takes  phK-e,  the  ivsultin^  tumor  is  kuown  us  a 
fibroma  intracanaljculare.  Aerordin^^  tu  its  ^^enesis  such  a  ttimoi*  may 
als4>  l»e  uppropriatety  dCvsignatHl  a  fibro-adetioma  papilllferuni. 

Adtjumuita  cioitiot  be  ftliarply  liitlVreDtiatcd  from  tnrin)r-lik«  plaiiduliir  liyfiertro- 
fylije«  on  l\w  one  liniul,  and  t'arriijoriiatu  on  the  other.  For  example,  in  the  liejiliug  of 
inte<^n'tml  iikers  the  r»'irf*nenitive  proce»si*s  in  the  glancts  mtiy  I)e  so  active  iis  lo  jtfive 
rise  to  poiyjioitl  fornuitk>n**,  wliicli  may  eithi*r  be  called  gLimhilur  htfpfrtrapfiieitoi  \\\e 
mucous  menibranr,  or  nffetumttftn,  at^conhii^  to  the  infiividual  standpoint.  Likewise. 
dilTereut  nanie»  may  be  applietl  to  the  glamiuhir  polypi  wiiicli  occur  si>  freuuently  in 
the  utiTUR. 

The  catvtfifnuuiouM  nature  of  a  new -growth  resembling  au  udcnonm  (sf*e  §  121  j  fa 
gcnemllv  made  evident  by  a  more  marked  epithelial  proUfcmtion  and  by  itn  iufiltTutive 
raode  of  irrowth.  There  nrt\  bow  ever,  ndeiiomatit.  having'-  a  Kingle  la  ytT  of  colujimar 
C5(-*lls,  which  grow  by  intHtmtion  (particularly  iu  the  intestine),  and  thereby  assume  the 
chAmcter  of  maligniint  tumors.     They  slioulcl  accordingly  be  clas 
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^  l-D.   A  cystadenoma  ««r  adenocystoma  is  nu  ittUmnHti  rrA#M«\///<nf</- 

Siuh  Tiiiimis  aiv  usually  miu- 
]iii^h1  i.f  numerous  cysts,  and 
ail*.  T  lu-n-t'mv,  desi^rnutetl  as 
multilocular  cystomata.  Ar- 
r« '111 ill::  l«>  the  chanu-tor  of  the 
r>M  wall  tlu'iv  may  !>••  distin- 
jLTuishi'il  a  xiiH}4»th'intIh'tl  or  xim}>lr 
*u.\ftnnti  {ftfMtifHia   Hhtiphx),   ov  a 

|Vi;^^^  . ;■  ':pi^^f^<^  ' '' ' ' '  rn ,11  ■ . 

^'./Lr-^    A^s*^  ':*'/.  vl;-v"':>i*.-.:N  Small   amounts  of    seoivtioii 

an-  tifttMi  s^M'U  iu   tlie  oitliiiary 
a<l«Mninata   ■  Ki;r.   317),  and  the 
>l»ares  of  both  siiii])le  ami  ])ap- 
illaiy    adenomata    aiv   often    so 
wide     KijLTs.    310,  a:    32*2)  that 
they  at  onee  attraet  the  ey«»  on 
r loss -siH-t ion  of  the  jrrowth.     In 
eystadenonmta  sueh  eyst-ft»nna- 
tjon  is  the  pivdominatin«r  feat- 
ure. 
Th(»  early  sta;:es  t»f  the  cysts  are  re]ueMiit«*d  by  t/Jaml-tuhHles  of  vary- 
ing shaiH*  fVv^s.    .S23  au<l  324,  /m,    whiih   lit*  in  a  moiv  or  less  riehly 
de\  elojjed  e«»nne<ti\  e-tissue  st  roma.     Thnm<rh  the  aeeumidatiou  of  st^ore- 
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Ill  the  ovaries  i»y^toiuata  not  iiifiTt|ii(*ntly  ilovolop  coiucidently  ou 
both  siik'S,  and  may  Ix*  ^ussoriatiHi  Avilli  dermoid  ronniitions,  Adeuoeys- 
hmiuta  uf  tlif  1eslidt\H  iii^t  iul'rt'qoeutly  iiitiosr  within  their  stroma  foci 
ofeartihi^e  or  other  tissue,  so  that  such  ^I'owths  shmihl  l>e  classecl  with 
the  tenifomrttft  (jj  12S). 

The  rpithffHti  fhihiffiyf  cystomata  is  usuallj^  composed  of  simple  colum- 
nar ch*IIs,  but  niiiy  he  n  eibated,  eubleal,  or  tiatteinMl  epitlieliinn. 

Tlieeyst-eoiiti'nts  usually  iniisist  ot*  a  elear,  olten  liistinctly  ropy  fluid, 
wlneli  eontains  a.  ituieiiidike  suhsfanei^  (  pseiHh»mueiii,  see  J$  59).  This 
substanee  is  a  jinMhiet  of  tlie  epithelial  liniti;;  in  which  piblet-etdls  ai-p 
often  found  (Fii?,  3*n,  c),  Xiit  intVoiprenlly  tlu^  Hiiid  also  eontains  whit- 
ish tlakes,  tiu»  products  of  cells  whitii  have  uuder^ime  fiitty  de|rcoera(ion; 
or  it  iiuiy  Vm^ more  or  k^ss  cloudy  i*r  rc<ldish  or  brownish  from  previously 
occurring;  haemorrhages.  An  abundant  secretion  in  many  cysts  may  lead 
to  the  toiiuation  of  tumors  of  i-iioinious  size;  in  llie  ovary^  for  example, 
they  may  r<'ach  a  wei^^hl  of  fmni  ten  tn  twelve  kiln^rams  tir  moix** 

The  papillary  adenocystomata  eonstilutea  eonimon  variety  of  adeuo- 
cystoma.  Thev  are  rharaeti^ri/ed  l>y  the*  tact  that  sooner  or  later  papil- 
lary exeresceui'es  d«Melo]>  jo  tlie  inlands  whit*h  ha^e  uiidergtmc  cystic 
degeneration. 

In  the  ademicystumata  uf  ihr  uvary  these  cxeresei'uces  are  usually 
slender  ami  delicate,  formitiju'  villous-like  otdj^rowths  (Fig.  330)  or  cauli- 


;f 


•^'^-•^r-^r 


a  ^■ 


i^m 


^ 


c  '\ 


"€ 


fKi 


%'  •' 


■'  --  ^ 


V-i^ 


:£?<?-' 


*-  'i^~; 


.  » 


'■A 


tx'i .:-»'. 


■K-'-^ 


\W' 


Fio.  ;Cil,— CyftUitna  pafji]lff**niin  ovarii  (MQlIi^r's  fluid,  hflPinaU^xyHn,  ecwInL     «.  f^tmnia  wfth  papills^t 
?i,  jrliiiid-ttibuJH  with  small  papilla';  r,  hlffh  rytirirlrlcal  I'pltbHliuni ;  ri,  rnurttfi-eonT^iMltii;  it»lls»  wltliin  the 


flower  ele\  atious,  which  may  till  tip  a  lartjer  or  smaller  part  of  the  cysts, 
>riuute  pa] Hilary  eh-valions,  extending  over  an*  tvv tensive  ait*a  of  the 
iuuer  surface  of  the  cyst-wall,  luay  j^ive  to  tht^  latter  a  velvety  apiM>ar- 
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ance  similar  to  that  of  a  ameoas  tiiembmne.     If  the  exci^sceiices  develop 

ill  (\vst*i  of  *siiiall  stzi%  tbey  may  fill  these,  and  the  tissue  may  thereby  tako 
on  the  appearuuee  ot  a  dense,  non-eystie,  medullary  tuni<H",  thon|^h  Ifrmi 
the  cut  surfaee  more  or  less  mneiis  can  nsnully  Ix^  olitained, 

Larj?er  ]Kiitillii3  are  a]%vay*s  more  to*  h'ss  Inane  heil  {Vi^.  XM)^  am]  eon- 
sist  of  a  cellular  stroma  (ff),  whose  surfaee  is  nsnully  eovered  with  tall 
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Fig.  :£i2.— Papillary  ailpnocftt^mii  of  the  ovEry  with  mjxoma^iom  *\ei^enerajl>n  of  the  mnnc^tlve  tlisue 
of  the  |Nt|»iibi9  (Mailer's  RuUi,  hicttiiitoxjrUn) .  a,  Flhmus  atromit;  h,  imitMiK.'  wUkh  Imvc^  UDdencime 
tiiyxuumUjiJii  rhunife;  i\  epiihtdUun.    X  W. 


colnmnar  eells  (rj  ttf  the  ehameter  of  gohlef-eells.  The  eoatents  of  the 
cysts  consist  of  ropy  mueiis  (//)  min^ded  with  more  or  less  nnmemiis 
tlesqnamate*!  eells  whieh  have  nnderpme  mm'ons  defeneration,  or  tin* 
remains  of  sueli  eells.  In  ran*  eases  the  eonneelive  tissm^  of  the  papilhe 
may  undergo  a  muemis  de<^f*neiJitioii  {Vb^.  332,  a,  h),  and  may  swell  to  a 
marked  d«*gree,  tiud  linnlly  bee«mie  changed  into  myxomatous  spheres 
covered  externally  with  epitheliuin. 

Adenoeysiomiitaof  the  liver,  tei^jtieles,  and  kidneys  usually  form  lu) 
]iapilhe,  or  at  most  very  small  ones.  In  the  papillary  aileuoevstomata  *»f 
the  manuiiary  gland  the  exen*s(»enees  are  usual ly  hroad  aud  plnm]>  (Fi^- 
:^3:VKaH  is  1  lie  ease  will!  those  of  tlie  papillary  adeiiomat;i  (Fig.  '422), 
Aeeordingly,  on  Uie  eross-si^xtiou  of  sneh  tumors  the  eyst-sjKteesare  foun<l 
to  be  tilliMlwilh  polypoid  prolifrratioiis  t^f  various  forms  (Fig.  333\ 
wliieh  are  iM'ten  flattened  llirciugh  nuitual  pn*ssure,  and  gi\e  tt>  ttie  sur- 
faee of  sneh  a  erosssiM'ticui  a  laminated  apiKuxmtice. 

Siuee  in  these  tnmoiN  tlie  eouneel  ive- tissue  elements  pre^lominate  over 
the  epitlielial,  these  growHis  ?ire  often  ehussed  wifh  I  In*  cftntirrfirr-twvte 
tumors,  and  designated.  a<'eording  to  the  character  i4  the  I'onneelive  lis* 
sne,  svs  cifHloJihnimtt,  rtfxfoinj/xomft,  or  njHUmircinita.  When  showing  a 
striiehire  of  leaf  like  layers  they  have  iTceiveil  the  name  of  mrcoma 
phjfliitdeii. 

The  jmpUlanj  (uhvanftdinnfUa  show  a  reiiahi  malifpianey,  exen  when 
the  papilla?  are  covered  with  a  simple  epithelium  (s<»e  (*ystoearf*iT»ouoU. 
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This  is  fihowii  in  tlu'  fimt  i>lac't\  in  tlii^  fuel  that  tht^  papillary  prolifer- 
atiouB  may  bresik  Ihnvugh  l\n}  cyst- wall,  in  the  ea»se  of  sneh  tumurH  of 
both  the  ovary  nuil  m-.umnnry  iihimX,  and  in  the  latter  situation  they  may 
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-PipiJI-nry  i>yKtoiiiu  or  liiTnimiiHnrulHr  (iHpilliiry  lUtmiitm  iiT  i\w  luta^it,  liiiti  o|Jtt[)  by  a  looRl- 


also  break  tlirtm^h  the  8k in.  Paplllarv  ovarian  eywtomala  (Fig,  329,  ft) 
nmy  in  this  way  ^ive  risr  \n  tjif4ashis(*s  in  \\w  prritonejil  e;jivity,  and 
lliesi!  in  tni  n  display  \\\v  eharaeti-risties  uf  ]>a|>illaiy  epithrliomala. 

The  adatfN't/nifitttifttt  iiprfst'iit  n  vnnvty  of  tiiniorivliitJi  jumH^ssc^H  mi  slitirply  defined 
limits  i  for  exampk-,  iiapiUnry  cyfttoitmta'may  ml^.  fniiii  tlii!  ilevelopijicnH  of  papillary 
fXfjf'HCc^jices  ill  diUiTsiiiun-cysts  wliirh  ure  ftirinfft  tiom  pn*-u.vistin»^  i^liiruls  (sw  i  118). 
Furllu.'i,  uiHlronniitiiMiiiuf  organs — hir  **xaiiiple,  laf  the  kidiirys  (  Pi4.  liSS) — nmy  lead  hi 
llie  I«jniiuUoii  (ff  ^iiuliihKMilar  cysloiimtti,  tin.'  cyst  it!  tliluttitiuii  airectini;  not  unly  tJif 
urinary  tubules.  l)nt  also  MiiiUrr'n  i'a]tsuirs.  That  tcmtoinala  may  appear  in  the  forai 
of  aik'uocystnmala  lum  alnmtly  beta  nu^ntititnMl  in  tliett-xt.  Final ly,  a  tranflitiou  from 
cysUtdi^noum  iticysKamrL'iaonm  may  idmo  takr  |dun_'. 
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See  also  §  119. 

(c)  Carcinoma  ami  Cystocarcinoma, 

§  121.  The  carcinomata  are  malignant  epUhelial  tumors  characterized 
by  inflJttraUve  grmcth  and  the  formation  of  metastases. 
They  develop : 

(1)  In  the  skin,  mucous  membranes  and  in  glands,  all  of  which  ap- 
jieared  to  be  normal,  before  the  development  of  the  carcinoma. 

(2)  In  the  skin,  mucous  membranes,  and  in  glands,  which  have 
already  suffered  changes  before  the  development  of  the  carcinoma. 

(3)  In  already  existing  papillary  epitheliomata,  adenomata  and  ade- 
nocystoma t  a. 

(4)  From  the  remains  of  foetal  epithelial  structures,  and  from  epithe- 
lial tissues  which  have  been  mispla(*ed  through  disturbances  of  develop- 
ment, and  have  alrejwly  developed  into  pathological  formations. 

(5)  From  the  epithelial  tissues  of  the  chorionic  villi  and  placenta. 
The  most  essential  chara<*teristic  of  the  development  of  a  carcinoma 

is  that  presented  by  atypical  proliferations  of  epithelium  which  sooner 
or  later  penetrate  into  the  tissue  borderins^  upon  the  affected  s^lands 
or  surface-epithelium.  This  phenomenon  is  usually  accompanied  by  a 
proliferation  of  connective  tissue ;  but  this  is  not  absolutely  essential 
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to  the  development  of  a  carcinoma.  The  tissue  invaded  by  the  epithelial 
proliferation — whether  glandular  tissue,  muscle,  bone,  etc — is  sooner 
or  later  destroyed  by  the  growth,  although  within  the  stroma  of  the  car- 
cinoma there  may  occur  a  new-formation  of  other  tissue  than  connective 
tissue,  as,  for  example,  bone. 

The  cause  of  the  atypical  s^rowth  of  epithelium  is  not  known  with 
certainty;  it  can  only  be  said  that  certain  conditions  favor  such  growth. 
Thus,  for  example,  old  age  predispi>si*s  to  the  development  of  carcinomata 
of  the  skill,  inasmuch  as  in  this  i)eriod  of  life  the  connective  tissue  of 
the  skin  undergoes  a  certain  amount  of  atrophy  and  becomes  looser  in 
structun*,  while  the  epithelium,  at  least  in  part,  continues  to  increase, 
and  under  certain  con<iitions  shows  here  and  there  distinct  evidences  of 
increiused  activity  (f<»rmation  of  coarser  hairs  upon  the  nasal  septimi, 
lobes  of  tin*  ears,  and  in  the  eyebrows).  Likewise  csircinomata  of  the 
mucous  membnines  and  the  glands  usually  api»ear  in  the  later  years  of 
life,  although  they  may  wcur  earlier  in  life,  even  in  childhood. 

\  i\\ri\wv  prf^dixpoHition  to  the  devehpment  of  car?inoma  is  found  in 
regeneratire  pmceiOif'H  following  the  destruction  of  surface  epithelium  and 
glandular  tissue.  These  occur  most  freijuently  in  old  inflammatory  pfyx'- 
fHnes  that  have  led  to  tissue-destruction  and  new -format  ions  of  tissue, 
particularly  in  the  mucous  membrane  of  the  intestinal  tract,  gall-bladder, 
and  uterus,  an<l  also  in  glands  and  in  the  skin.  In  the  stomach  the  round 
ulcer  (  VhuH  ex  digeHtione)  may  form  the  starting-point  of  a  cancer.  In 
the  first  place  the  regenerative  i>rolifer;ition  following  the  t issue-in jur>" 
may  form  the  basis  for  an  aty^iical  malignant  i)roliferation.  In  addition 
an  important  role  is  played  by  the  mmi ring-off  and  mixplacetnent  of  epithelial 
eelh  into  the  neighboring  altered  cmneHire  ti>voif,  a  phenomenon  of  frecpient 
occuri-ence  in  the  healing  of  uh'crs,  the  growth  of  epithelium  over  gran- 
ulation-tissue, and  in  tulx*rmlosis,  and  other  chronic  infective  grannhi- 
niata,  both  in  the  niu<M)us  nieiiihrant-s  and  skin  and  alsf>  in  glands. 

All  thes(*  pre<lis])osing  factors  do  imt  constitute  the  unique  cauH*  of 
the  develojnnent  of  a  careinonia.  They  may  t*xist  for  a  long  time  with- 
out giving  rise  to  a  cancer.  It  api)eai*s  that  something  else  must  W 
a(hl<Ml  to  cause  the  unlimited  atypical  prolitV»ration  of  epithelium,  and 
what  this  something  is  is  at  ]nesent  nnkn<>wn.  Wln»ther  this  cans(*  is 
tn  be  fonn<l  in  a  bioplastic  stininlns  comparable  to  that  of  fertilization 
or  in  chemical  intlnences  stininlating  tlie  cells  t(»  increas*^!  )>roliferati(»n 
<»r  in  the  removal  of  the  intlnences  that  inhibit  and  regulate  prolifenit ion 
cannot  Ik*  state<l  at  the  i)res<»nt  time. 

In  re<*ent  yeai-s  the  opinion  has  be«»n  many  times  advan(»ed  and  main- 
taine<l  that  parasites  cause*  caninomatous  and  sarcomatous  i)rolifer- 
ati<»ns.  Ihit  the  majority  of  the  appearances  which  have  been  descril>ed 
iis  parasites  (as  protozoa,  especially  spoinzoa,  and  as  yeast-fungi)  have 
not  Imhmi  parasites  at  all,  bnt  <legenerated  nuclei  and  nuclear  division- 
tigun*s,  or  leucocyt<*s  inclosed  witiiin  tumor-cells,  or  degeneration -prod- 
ucts of  snch,  or  piodncts  of  cell-])rotoplasni,  particularly  keratohyalin 
and  colloid,  or  e])ith4'lial  hyalin  and  mucin.  In  the  few  cas<»s  in  which 
true  panisites  were  pres^Mit  in  the  tissues,  this  occurrence  could  very  well 
have  Ummi  a  s<M*ondary  infection,  which  in  no  way  conld  In?  regarde<l  as  a 
can.s<»  of  the  d4»velopment  of  the  tumor.  In  not  a  single  ease  ha*s  it  been 
prorrd  hcjiond  all  doubt  that  parasites  hare  brrn  the  cause  of  either  carcinoma 
or  HO  noma . 

Certain  portions  of  the  intestinal  tract — the  rectum,  the  flexures  of 
the   colon,    the   j^ylorus  an<l   cardia   of   the    stomach,    the   ce^sophagus. 
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l)liarynx,  tougue,  and  gums—are  favorite  seats  for  the  development  of 
cancer.  Cancer  may  develop  in  any  portion  of  the  skin,  but  It  occurs 
more  frequently  on  the  lips  and  nose  than  on  the  remaining  portions  of 
the  face,  or  on  the  extremities,  and  on  these  again  more  frequently  than 
on  the  trunk.  Of  the  sexual  apparatus  the  parts  most  commonly  affected 
are  the  mammary  gland  and  cervical  portion  of  the  uterus;  less  fre- 
quently, though  relatively  often,  the  ovary,  testicles,  body  of  the  uterus, 
vulva,  vagina,  and  penis.  The  liver,  kidneys,  bladder,  trachea,  bronchi, 
lungs  and  pancreas  occupy  a  middle  ground;  while  the  larynx  and 
gall-bladder  are,  on  the  other  hand,  more  frequently  affected. 

Cancer  usually  develops  in  the  form  of  nodules,  which  are  not  sharply 
differentiated  from  the  neighboring  tissues;  on  the  mucous  membranes 
they  are  not  infrequently  elevated  above  the  surface  in  the  form  of 
sponge-like,  or  polypoid,  or  papillary  growths.  From  the  point  of  origin 
they  spread  by  an  infiltrative  growth  of  the  epithelial  proliferations, 
by  which  either  the  nodules  increase  in  size  or  there  are  forme<l  diffuse 
sui)erficial  thickenings,  as  in  the  ctuse  of  the  intestinal  wall.  The  ovaries, 
testicles,  uterus,  kidneys,  etc.,  may  be  partly  or  wholly  transformed  into 
carcinomatous  tissue.  Often  the  boundaries  of  the  organ  originally 
aflFected  are  overstepped,  and  the  epithelial  infiltration  extends  into 
neighboring  tissues  and  organs.  Thus,  for  example,  a  carcinoma  of  the 
mamma  may  i'ifiltrat(»  the  neighboring  fat,  skin,  and  muscle;  one  of  the 
gums,  the  ma\illary  b<me;  one  of  the  uterus,  the  vagina,  parametrium, 
bhidder,  and  rectum;  a  cancer  of  the  gall-bladder  may  involve  the  liver; 
one  of  the  thyroid,  the  trachea;  and  one  arising  in  the  bronchi,  the 
lungs,  etc. 

The  formation  of  metastases  may  take  place  either  through  the 
lymph-  or  blood-vessels,  and  is  of  very  frequent  occurrence  by  both 
routes.  It  leads  to  the  development  of  secondary  nodules  in  different 
organs;  but  it  may  happen  that  large  lymphatic  areiis — as,  for  example, 
the  lymphatics  of  the  lung — may  be  simply  dilated  by  the  new-growth, 
without  the  formation  of  circumscribed  nodules.  The  transportation  of 
cancer-cells  to  the  bone-marrow  may  lead  to  a  carcinonmtous  degener- 
ation of  the  marrow  of  an  entire  bone  or  of  sevenil  associated  bones. 
Moreover,  it  should  be  noted  that  probably  not  every  transportation  of 
<*ancer-cells  is  followed  by  the  development  of  a  cancer,  but  that  many 
of  the  cells  so  transplanted  die. 

The  tissue  of  a  carcinoma  is  sometimes  white  and  soft  like  marrow, 
sometimes  firm  and  dense ;  but  it  is  almOvSt  always  possible  to  obtain  from 
th(5  cut  surface  more  or  less  of  a  whitish,  cloudy  fluid  called  cancer  juice 
or  cancer  null;  Very  often  the  cut  surface  pi-esents  a  tough,  fibrous 
framework  in  the  meshes  of  which  the  softer  masses  lie;  and  from  which 
the  latter  may  be  squeezed  out  by  pressure  either  in  the  form  of  fluid,  or 
lus  plugs  or  as  cruml)ling  nuusses. 

The  mjuss(\s  obtained  from  the  cut  surface  through  pressure  and  scrap- 
ing consist,  for  the  chi(»f  part,  of  atyplcally  proliferatins^  epithelial 
cells,  the  so-calle<l  cancer-cells,  which  are  found  in  a  great  variety  of 
forms,  and  usually  show  degenerative  changes,  particularly  fatty  de- 
generation. A  true  secretion  of  these  epithelial  cells  is  usually  not 
found;  but  canciM-s  occur — particularly  in  the  mucous  membranes, 
ovaries,  mamnmry  glands,  and  thyroid — which  produce  mucin,  pseudo- 
mucin,  or  colloid.  The  amount  of  secretion  may  at  times  be  so  abundant 
as  to  lead  to  the  formation  of  cysts  and  thereby  to  cystocarcinoma. 

Retrograde  changes  <Kcnr  very  often  in  cancers  at  an  early  stage. 
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They  are  caused  partly  by  the  feeble  vitality  of  the  new  growth,  partly 
by  circnilatory  disturbaneeB,  which  may  be  due  to  the  filling-up  of  capil- 
laries and  veins  by  the  ingrowing  cancer-cells,  and  partly  by  external 
causes.  These  changes  lead,  in  the  first  place,  to  a  dMnidion  of  cancer- 
cells  in  certain  portions  of  the  tumor  and  the  formation  of  central 
cavities  diie  to  the  liquefaction  of  the  dead  portions,  so  that,  after  re- 
sorption of  the  dead  material,  the  tissues  often  sink  in,  and  in  this  way 
depressions  are  caused  over  the  surface  of  the  tumor- nodules.  Such  de- 
l>ressed  arciis  ai*(?  seen  particularly  upon  primary  cancer-nodules  in  the 
nuimmary  gland  and  on  secondary  nodules  in  the  liver,  lungs,  and 
other  internal  organs,  and  are  often  spoken  of  as  cancer-unMlications, 

The  retrograde  changes  often  lead  to  complete  destruction  of  tumor- 
tissue,  and  thereby  to  the  formation  of  ulcers.  This  occurs  particularly 
in  cancers  of  the  mucous  membmnes,  these  growths  at  the  patient's 
death  usually  revealing  a  moi*e  or  less  extensive  ulceration;  but  such 
ulcerations  also  take  place  in  carcinomata  of  the  mammary  glands  and 
skin.  In  the  latter  situation  the  cancer  may  take  on  the  appearance  of 
a  rodent  ulcer.  The  edge  of  such  ulcere  is  sometimes  elevated  and  re- 
sembles a  wall,  or  it  may  be  studded  with  nodules;  at  other  times  it  is 
moi-e  sharply  defined  and  only  slightly  infiltrated.  The  base  of  the  ulcer 
is  sometimes  fissured  and  nigged,  and  covered  with  necrotic  tissue;  at 
other  times  it  is  smooth. 

The  \new  that  the  cause  of  carcinoma  and  sarcoma  is  to  t>e  found  in  parasites 

still  finds  adherents,  although  the  investigations  of  recent  years  do  not  support  it. 
Publications  concerning  cancer  and  sarcoma  parasites  have  not  been  wanting  (Sanfelice, 
Roncali,  Aievoli,  Maffuci,  Secchi,  Foa,  Ruffer,  Plimmer,  Gaylord,  Wlaeff,  Sjiiningf 
Schuller,  von  Lejden,  Feinberq^  Leopold,  PodwyssoUki.  and  others),  but  in  the  majority 
of  cases  proof  has  been  wanting  that  the  supposed  parasites  were  really  living  organisms; 
or,  when  living  organisms  (yeasts,  rhizopods)  have  been  cultivated  from  tumors, 
there  has  boon  no  positive  proof  that  they  stootl  in  any  causal  relation  to  the  given 
neoplasm.  The  oxporinients,  in  particular,  of  Sanfelice,  Wlaeff,  Leopold,  and  Sj/ibn'ng 
are  far  from  offering  any  convincing  evidence. 

It  is  vor\'  striking  and  worthy  of  note  that  nearly  every  author  has  found  a  different 
parasite  and  has  not  recognized  the  parasitic  forms  described  by  the  others.  This 
speaks  against  the  correct  interp.-etation  of  the  findings.  Moreover,  in  the  wise  of  the 
majority  of  the  fonnations  described  as  parasites  another  interpretation  is  possible. 
Some  of  them  are  degenerating  leucocytes  or  the  remains  of  such  enclosed  in  cancer- 
cells;  others  are  vacuoles,  hyaline  or  mucoid  products  of  the  cancer-cells,  or  degener- 
ating nuclei  or  cell-division  figures,  or  fragments  of  these.  Only  rarely  is  it  impossible 
to  give  a  satisfactory  interpretation  of  the  findings,  but  this  fact  is  not  suflficient  grounds 
for  ascribing  a  parasitic  nature  to  the  formati(ms.  The  attempt  to  compare  the  "binl's 
eyes''  of  von  Leydon,  or  the  Plimmer's  bodies,  to  which  they  correspond,  with  the 
parasite  found  in  the  root-tumors  of  cabbage,  the  Flasmodiophora  hrassiccp.  and  to 
regard  these  root-tumors  as  analogous  to  cancer,  is,  likewise*,  without  justification,  since 
the  two  diseases  have  scarcely  anythin;?  in  conmion.  The  plasmodiophora  multiplies 
within  the  plant-cells  and  distends  the  latter.  Only  after  the  destniction  of  the  affecteti 
colls  (loos  a  rogenorativo  proliferation  occur  in  the  neighboring  cells.  In  cancer  there  is 
from  the  very  beginning  an  unlimited  and  at  the  siimo  time  an  infiltrative  growth  of 
tissuo-colls. 

The  natural  history  and  clinical  behavior  of  c^uicor  are  not  such  as  to  make  it 
probable  that  it  is  of  parasitic  nature.  The  formation  of  Ciincerous  tumors  as  a  result 
of  disturl)ancos  of  ilovolopmont  speaks  against  this  view.  The  metastases  develop 
from  transported  tumor-cells,  and  c(*ll- in  elusions  are  not  necessary  to  their  formation. 
Tho  transplantation  of  cancer  and  sarcoma  into  animals  of  the  .siime  species,  and  the 
im|)lantation-cancors  occasionally  observed  after  operation,  are  the  result  wholly  of 
tho  transplantation  of  living  tumor-colls,  and  ciinnot  bo  used  as  argmnents  in  favor 
of  the  j)arasitic  theor\'.  If  protozoa  are  tho  cause  of  cancer  wo  nuist  assume,  according 
to  our  present  knowledge  of  these  parasites,  that  a  given  .species  can  find  a  suitable  soil 
only  in  a  certain  variety  of  epithelium.  Cases  of  transmission  of  ciincer  from  man  to 
man  occasicmally  cited  as  evidence  am  bo  utilized  hypothetically  in  support  of  the 
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parasitic  theory  only  when  the  cancer  develops  in  the  affected  individual  in  the  same 
mother-tissue. 

To  increase  our  knowledge  concerning  the  cause  of  cancer  a  committee  was  appointed 
to  study  the  statistics,  and  through  a  collective  investigation  on  October  15th,  1900, 
attempted  to  determine  the  number  of  living  cancer-patients  in  Germany.  In  so  far 
as  the  view  of  the  parasitic  nature  of  cancer  is  concerned  this  work  was  negative,  since 
in  only  3.6  per  cent  (of  12,179  cases)  was  an  infection  suspected.  A  hereditary  trans- 
mission was  thought  possible  in  17  per  cent,  but  the  number  was  reduced  to  4.3  per 
cent  when  the  possibility  of  such  an  mhentance  was  limited  to  those  cases  in  which  the 
same  organ  was  affected.  Since  1888  the  number  of  cancer-cases  is  said  to  have  in- 
creased about  a  third,  but  even  this  statistical  evidence  is  without  significance  since  it 
may  be  satisfactorily  explained  as  the  result  of  greater  skill  in  diagnosis  as  well  as  the 
result  of  an  increase  in  the  average  length  of  li^.  Moreover,  it  should  be  noted  that 
even  now  many  cases  of  cancer  (cancer  of  stomach)  are  not  diagnosed  even  up  to 
death,  and  on  the  other  hand  cases  are  regarded  as  cancer  when  occurring  in  tissues  in 
which  carcinoma  does  not  develop.  (The  statistics  mentioned  above  contain  201  cases 
of  primary  carcinoma ta  of  the  bones.) 
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§  122.  The  development  of  carcinoma  of  the  skin  takes  place  most 
often  from  the  surf  are  epitheUnm,  and  is  eliaraet(Mize(l  essentially  by  the 
fjjrowth  of  the  interpapillaiy  portions  of  the  same  into  the  deeper  por- 
tions of  the  skin,  in  the  form  of  epithelial  pln^s  {V\^.  834,  d)  which  fill 
up  the  connective-tissue  spaces.  The  stratum  corneum  ((?)  may  also 
undergo  hypertrophy  alon^  with  the  cells  of  the  rete  Malpighii,  and 
penetrate  into  the  deeper  tissues  with  the  epithelial  plugs  (rf).  More- 
over, the  horny  cells  which  get  into  the  deepcM*  tissues  may  form  epithelial 
l)earls  (e). 

Besides  the  surface-epit Indium,  the  epithelium  of  the  hair- follicles  and 
sebaceous  glands  may  also  take  part  in  the  development  of  the  cancer: 
and  there  occur  carcinomata  of  the  skin,  which  develop  entirely  from 


DEVELOPMEXT 


CARCINOMA. 


461 


llii^  s*'l);irrciiis  ^MiumIs,  aiiti   WwrvUtvt^  slionld   In*  chiss^Ml  with  llie  f^laiid- 

Tlio  eonmrtirfiif^sHt'  iimy  iviiiaiii  eiitin^ly  |iassive  <iuiin^^  Hie  iiij^rowth 
i^i  the  e|>itlirlium,  lint  is  sttouer  <»r  later  exeited  In  ^nMiwtli  (Fit^.  3:i4,  a), 
Hiid  the  impiMie  ivfteu  deveh>p  into  lung,  hmnehed  (orijiatitium  {/).      Iii 
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tortum  ;  r,  rpittri'ihil  jilnirs  wIMi  homy  (icuils  nil  obliiiut^lv  ;  '.  t'titunre.i  ('.ifi'dlJ'.      v  l:.^ 


the  prolireniliii^  cMinueethi^  tissue  there  nre  ufti/n  luimd  in  jisscM-ialinn 
with  UmfthnMtHts  also  ////rv^y/Zr/f  and  ft/mphftrtftrH,  whieli  in;iy  iKMietrate 
into  tlie  (^pilhelinni.  They  hecnuu*  es|ieei:dly  imniertMis  in  Mie  event  of 
tissue  (lest  r  net  ion,  so  tfiat  nndiT  sneh  einninistanees  the  prnlil'eratitnt  of 
tin*  eonneelive  lissni*  aetftiiies  \vh<»lly  1  be  ehaiueter  of  an  inthi  J  amatory 
urannlal  ion-tissnr. 

The  origin  of  the  carcinomata  arising  fr€>m  mucous  memtiranes 
covered  with  si|uamous  epithelium  may  1«*  the  siune  as  tliat  of  :i  ean 
eer  of  the  skin-  that  is,  it  is  int  rod  need  hy -.i  p  ml  i/vntt  ion  it/ the  ktirfatr' 
rpithiiium  (Fi^,  335,  «,  r)»  If  ffhuuh  are  [nesent  they  nniy  also  take  part 
in  the  development  of  the  etmeer.  It  is  a  remarkable  iart  that  in  ihe  for* 
tnation  of  sueh  a  tumor,  ^dands  with  ey1in*lrieal  eiiJth<*liuni  may  fnridsh 
e(>ithelial  pnnlnets  \vli,i(*h  eorrespond  wilh  thost*  of  the  snrfaeeei>ittie- 
Hnm.  The  epitheH;d  ]Holiferalion  may  at  tii'st  Ih*  intraeanalienlar  and 
h'ad  to  a  ditfnse  thiekenin;^  ami  stralitiealion  of  tin*  ej>il helium  <Fig. 
|:!:in,  /■),  or  to  tin*  formation  ot^  exereseenees  (r).  [.aten  the  jjrol iterating 
Ft*pitheHnm  Inraks  into  the  i"(»nneetive  tissue. 

The  eo  I  meet  ive  tissue  liehavi's  in  the  sami*  matnier  as  intheciuseof 
eanc*c*r  (if  liie  skin. 

Tlie  cylindrical-celled  carcinomata  of  the  mucous  membranes  arise 
in  the  eas<:*  ot'  tln^  intestine  from  tin*  fuhiihfr  f/hntl.s  or  tr*nn  the  rn^pfs^  the 
epithelinni  of  wliieh  at  first  umler^(H\s  an  aetive  pi'<»litei'Jition,  and  he- 
einnes  stratified,  wlule  tlie  j^lands  tirc^onn*  dilated  ( Fi^.  \V,\W,  />),  Laler, 
tho  f^lands  hiM/ome  chanp'd  into  braneliin^,  atypieally  iVuined  stmetnres 
(r),  whieh  [x^ssess  an  epithelium  an'au|i[(Hl  in  many  layei^,  and  whieh 
grow  into  the  ni^i^^hhorin;;  tissues. 

In  tho  st<miaeh  the  pistrie  ghmds  ehaufj^e  their  (liaraeler  (Fig*  337, 
/),  and  then  thr(»n^h  aeontinued  growth  lafillrate  tlie  sntinmcosa  (g), 
iho  miis*<*nlHns  (d).  aiid  the  si»nKSsi  (^). 
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Th#?  f  pirh^Iinm  "f  the  n^-wIy-fMrrri*:^!  ;:;;ftii«Li  >tains  more  deeply  with 
nnr-Iesir  stains  than  d*«-s  n«.inikal  •'pirh^-iiniii. 

Thfr  r-i.nii#-rtivf'  tiv-Ti»-.  as  in  !hi»  i7fc^  ••!*  rnimr^^r  %*i  the  skiu.  ssooner  or 
lar#-r  prt>l:rV-rat*r>.  wvA  iu  i-i'nii*^-TiMn  with  thU  pmlift^ration  there  may 

•  H-rnr  al-»«i  an  »-niiinr;wi«»n  of  l»-in;ii« •>■!»-*  an«i  lymphn^-ytes. 

T\if  development  off  cancer  in  stands— ;is.  for  example,  in  the  mam- 
:iian»-  i:I:i:.«l — Iik»-wi«*r  l»e-/in<  with  an  epitht^Uni  pn^if^ratioH,  as  the  result 

•  •f  whi«  h  rh*-  ;;I:inils  Fijr.  3.*i>.  ot  lien.ime  uiflt-[i»Hl.  altered  iu  forui  (6j, 
uhile  ?h*-ir  liniii;;  eiiirhf-liuni  l.»f^-iinies  srraiifi*^i  '*  .  With  the  breakiuf; 
rhroTi^rh  i.fThH  fpirh^-linni  into  thf  nei^hlNirin;^  tt»niieotive-t issue  spsices, 
rhf  •rfiirhHial  inrilTratiiin  of  that  tiviiit=-  i'i  lie^iin.  Arcordiug  to  the 
srrnrriirH  nf  rht^  ;:I;in<l  in  which  tlu-  i-ancit^r  ari>es.  and  act^)rdiug  to  the 


Fin.  ii't.  R<frinnin{r  d«'v«'!f.prii«-nT  r-f  laniTn-nia  In  Tli^  vaclnal  i»i^rti"n  i»f  the  tiTpnu i alcohol.  Risniarrk- 
hro-An  .  «».  Kpjrii»-:iiiiri ;  /•.  •■■<nri»-i  tj-.i- ti^^ijt-;  «.  >ur-fjii-f  i-jiithKiuMi  u'-'-winir  ini«»  lh»*  dt^juT  tUvues :  */. 
»ll!;i't-i|  t' ar.'l- :  *.  t'liindiilar  i'iti»h»-l!inr.  LT'-wimr  «'Ul  in  '-Tin  "f  i'iiJir>:  '.  i'ni!i<«-!«**«-tt(in  nf  u  irlaud.  thn 
Oiiii'if  jf-ai  »-iii'Iif;iiiin  "f  •■'.  liiih  l;ii- |..i-.,nj»- 1  ..nvt-rt*"!  iiiT-i  ^""iitwl'-'i  »:ii:!,t.'lmin.      ■  -l-'i. 


\;iri<-ty  nf  i1m*  (miicit  itsi'll".  tli»T«'  will  1m-  jhoiIucmmI  \;nyinj;  niicM'Oscopi^'jil 
jiict  iir«->. 

'I'll*-  riftiiitrfirt  fissiir  nf  till*  ^MjuhI  thmnuh  prnlitVnition  also  takes 
p;irl  ill  tin-  hnilrlin^  up  of  tlif  tumor:  luit  in  tlu*  «*arly  stajres  of  <l<*vrlop- 
iiMMit  .sjirli  prnlitVnition  may  Im*  sli^^lil  or  I'ntii'fly  wanting. 

'I'lic  development  of  a  carcinoma  in  an  adenoma  or  tibro-ailonoma 
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Tbi^  development  of  carcinoma  from  transplanted  or  misplaced 
epifheHum  or  from  remains  of  foetal  structures  pnit*«*r4ls  in  the  siniic 
iiiiuiiKT  as  tliat  *A'  ciirriiunuata  arising  iii  vHUvv  swri'iwv  or  j^luiithilar 
i^inihvVnun. 

Carcinomatous  proliferations  of  the  cell-layer  and  the  syncytium 
of  the  chorion,  bulli  at'  Avliirh  urise  froiii  tlui  foetal  ectoderm  (  IJMniiri  k 
may  orrur  eitiier  in  lin*  cliorioij  nf  y»njnj^  (>\a  ur  in  tlie  ijla(*i:iitu  of  olthn' 
embryos  arnl  in  atypiral  cases  are  rliaraeleri/ed  \iy  a  mixture  t)f  th."  two 
iarins  of  rvlts  (  Fi«,^  AMK  (t,  b),     Tliey  ;;row  into  the  neirrhboriujjj  uterine 
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Kio.  .140. -  liar«iVi4>ctil.ij  i'ltiUuUat  ptujf  of  st  pliit*etital  oirdnctmii  rFofiilttliii.  iiloohol, 
hivmiiloxyHn,  ru,«lri^  n.  DiTivailvcis  of  \w  rf'U'lMVff;  ft,  svnryfiJit  v*'\\si  t,  wnll  of  hhKxl-v*v4.s*'l, 
*/,  blocMl.     >:  40. 

Ii,ssiie,  pai  tii'uiiirly  inln  iln^  l»luodvt»s.sels  nf  tl»e  nierns  ir),  antl  nifiy 
tbrtnij^h  I  he  f<»rnjatii»n  (*!'  thrombi  li^ail  to  e\tensi\t^  destruetioa  ot'  Ihe 
tissues  of  I  hi'  uterus,  ami  jna\  ;ri\e  rise  to  metastases.  Myxomatous 
ije|;e»u*ratitia  of  Ihe  eliorion  or  ulaeenlal  villi  (  hyibilirl  mo1*» )  apjH'ars  lo 
Tavor  file  rh^  i'hi|iiaeiit  of  tsiich  ean-inoiiiMtons  y:ro\vtli8. 


Tht'  developtnent  and  growth  of  carcinoma  h.ivc  been  in  i^cent  years  tlic 
uhjecl  t»f  sMvirchiniT  invest iuatiuiKS.  ik'NiMns  h'thhrrt  jinJ  liorftt,  who  have  expressed 
(heir  views  iii  their  wnrkri  on  ImiiorH.  f\romf>echer,  Iltitiifrr,  t^tiersett  and  Colmcrs,  and 
Horrmann  have  published  tn^atiMes  (if  conHidi^mble  mze  upon  these  rjuesHons.  All  of 
ihe^iPi  writers  at:ree  {hit  rhe-fievploping  neiijihinni,  in  so  fariis  its  epittieliai  elements  are 
eoncemp<l.  nrroww  through  its  dwu  r(*sonrees  and  does  not  excite  thrniiLrtilmriiifr  tissue, 
that  is.  neiirhhormK  epittiehnm,  to  a  eoiceroUK  proliferution.  The  neijchhorhi^  tissue 
is  in  pnrt  cnnipressed  and  in  |>nrt  inliltrated.  On  the  other  hand,  difference's  of  ojunion 
exist  concerninji;  the  he^^innhi;;  uf  the  cancerous  i^rowlh,  Accfinhnp  to  Hitum^r,  Krom- 
iM-efuT,  Petersen  and  Co/wrr«,  the  devehjptnent  nmy  beunicentdc  or  multicentric,  in  the 
iiitter  cas«'  sl.'iMin^  in  ^'veral  places  in  the  epithelium.     Bi*rmmnn  assumes  a  utiicentric 
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ongin;  in  those  cases  in  which  the  development  apparently  proceeds  from  several  places 
he  assumes  that  there  is  a  coincidental  development  of  several  primary  cancers. 

According  to  HauseTy  Krompecher,  and  Peterserif  with  w^hom  I  ^ree,  the  develop- 
ment of  carcinoma  takes  place  from  cells  of  the  superficial  epithelium,  hair-follicles, 
glands,  and  gland-ducts.  According  to  Borrmanny  a  developing  carcinoma  is  a  growing 
cell-complex,  which  existed  as  such  before  it  began  to  grow;  it  is  an  isolated  embryond 
cell-complex.  Squamous-celled  cancers,  although  not  all  of  them,  arise  from  extremely 
small  cell-complexes  that  lie  within  the  superficial  epithelium,  and  probably  become 
isobted  during  foetal  life  through  a  closure  of  a  furrow  or  through  some  other  anomaly  of 
development. 

According  to  the  first-named  authors,  the  pathological  new-fonnation  has  it«  origin 
from  epithelium  or  at  least  takes  its  point  of  departure  from  it.  According  to  Barrmann 
and  Ribbert,  the  proceas  begins  witn  inflammatory  changes  in  the  connective  tissue; 
in  the  skin  these  may  be  caused  by  a  retention  and  infection  of  the  secretion  of  the 
sebaceous  glands  causing  an  elevation  and  stretching  of  the  epithelium.  As  the  result 
of  this  stretching  and  the  accompanying  hypersemia,  the  included  foetal  cell-complex 
proliferates  and  grows  into  the  deeper  tissues. 

The  independent  proliferations  of  the  foetal  ectoderm  are  at  this  time  usually 
designated  as  chorioepithelioma  {Marchamt)  in  accordance  with  the  view  that  they 
represent  an  epithelial  proliferation.  There  is  no  reason  for  not  classing  them  with 
the  carcinomata,  since  they  are  characterized  by  an  epithelial  proliferation  which  in- 
filtrates the  neighboring  tissues.  The  metastasis  through  the  blood-vessels  which 
characterizes  the  chorionic  carcinoniata  occurs  also  verj'  frequently  in  other  carcino- 
inata,  for  example,  carcinomata  of  the  stomach. 

Carcinomata  arising  in  the  skin  or  mucous  membranes  are  often  called  cancroids* 
a  term  used  to  distinguish  them  from  other  carcinomata,  the  origin  of  which  was 
fonnerly  thought  to  be  from  connective  tissue. 

To  a  certain  extent  the  character  of  the  parent  tissue  is  preserved  in  cancer-cells, 
but  a  careful  examination  shows  in  all  cases  that  there  is  a  certain  amount  of  change 
both  in  their  morphological  and  in  their  physiological  character  (anaplasia).  This  is 
shown  in  changes  in  the  form  and  stnicture  of  the  cells,  their  changed  behavior  to\i-anl 
stains,  in  an  altered  position  and  arrangement  of  the  cells,  and  in  their  changed  rela- 
tions toward  the  surrounding  tissues. 

The  traumatic  displacement  of  surface-epithelium  in  wounds  may  lead  to  the 
formation  of  the  so-calle<l  traumatic  epithelial  cysts — that  is.  cvsts  varying  in  size 
from  that  of  a  hemp-seed  to  that  of  a  nut.  which  are  lined  with  epithelium,  and,  in  case 
tlicy  arise  fn)m  the  epidermis,  contain  a  pultareoiis  mass  of  destjuainated  epithelium. 
They  occur  most  frequently  after  puncture- wounds  of  the  volar  surface  of  the  fingers  and 
in  the  hollow  of  the  hand. 
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§  128.  The  structure  of  a  carcinoma  is  deteriniiied  by  its  origin. 
The  manner  in  which  the  epithelium  proliferates  and  the  jussociated  pro- 
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Fi«.  SUK— Horny  riini'i-t  of  rinM  mnenw^  (MfinHr^s  n«iM,  ht»'iim<.»xyifii,  (H.Hint 


t.  KpltbetlAl  pHmes  with 


lilVrutioii  or  tin*  cMiimrrtive  tussiu*  make  il   possihU*  1m  disli aguish  u  con* 
nective-tissue  stroma  wliirh  fMintsiiiis  the  Ijhiotl  vessels  ami  nests  aiul 

strands  of   cells  —  thp 
??Sfe  .^"-' ^~"^'^*-  ~^''**-   ':?'*wM^r  ^Xv'^"*^  Hi»  (*ii  I h M I  cancer- pi ugs 

— whirh  lir  eiiil»rd(l(Mi 
ilk  the  srnniia.  Jl"  tlie 
caiH^or  jjfi'ows  into  ii 
tissue  hnvii)j<  a  Kiioeiul 
stnielni\\  llie  sstroina 
limy  contain  mii^ele* 
( i b II 's,  I Mj lie  I ral n* t* u lie, 
iiiieli;iiii;ed  glandular 
tissue,  ele.  ;  hut  ihesi* 
1  issues  usually  (lie after 
a  liuie.  Ill  ^eueral  a 
eui4*iiiom.i  |H>ss<*ss<]'8  at  I 
alveolar  st r uctu  re, 
at  tijiies  su«^'gesiin^  an 
iui  per  feet  ly  develi>pe<l 
aeiiious  |j:laiid»  at  otlier 
liiues  a  tubular  ^laud. 
su  that  it  in  pc»ssible  to 
distiit^^nisli  actnoun  au<l 
ftfhithir  types  of  earci- 
niiiiia.  \\'heu  the  cell- 
phiirs  lire  sill  id,  with- 
oui  alniiK-ii.  the  growth  luay  hi*  ealled  a  carcinoma  solidum  or  iiierely 
carcinoma.  The  prt^s<*nee  <*f  a  luuieii  in  the  eell  plu^s  gives  to  th«* 
^iiiiwtli  ail  apiK*araiH'e  res^'nihling  iiiiah>mieaily  the  adejuJinata,  and 
warrants  the  desijjiialiou  carcinoma  adenomato^um  t*r adenocarcinoma. 
Tlii^  type  of  carcinoma  is  hi  a  (*eriain  dr'^^^ree  (ttprtuifni  upon  thepnrcnt- 
iittHitf  ill  whieh  it  ai  iscs,  and  the  i'vUs  iiiav  still  show  liie  eh aracteri sties 


network  anii   iinni>  of     liynllfM*    connective    lir«ii**.      (Akcilir*! 
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of  the  parent  ofjitheliiiin.     Squiiinoii8  cdled  ciireiiionia  umy  be  expect f«l 

to  orcur  wherevt*r  tln-ir  Ls  s^iiiaitKHis  rt-lled  epitheliiiui,  ami  ryniidrieul- 
rt*lieti  esuTiiiomala  in  uitirous  iiH^iijbraia\^  having'  rvliiidriral  eells. 
(\>niifit*alitni  takes  phic**  in  rarcimmiala  uf  ilif  skin,  iiiiicniil  de»;t^Mi"ra- 
tiori  ill  th<is(Mif  nmtH)u.s  iurihbram\s  wliih*  (lit*  t'oiinalicni  <*f  coiluitl  ocrurs 
in  tliujse  arisiiii,^  fruin  the  tliyruid.  Depart luvs  from  tliis  nile  are,  how- 
i*MM\  ennjiiKni,  in  that  Hje  einlhelial  ei^lls  may  remain  at  a  less  liiglily 
difTerenliatod  staj^'r,  so  that  llie  tyjie  of  the  eell-variety  etnirerned  may 
not  lie  devrlo[H^d  tu  it^s  fullest;  or  it  mi*y  happen  that  the  eel  Is  lose  their 
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AtU'iHK-Hrffnimiu  n^ri  inhuinn*  (iikx^hot,  alum  c-nrrain*"!,    n,  h,  KiilLheltiii  plunil-tubules ; 


orifjiiiul  eiiaraeter  and  take  on  others.     For  exanipk%  eolhiiddiki*  suh 
slaners  may  1h^  f<»rm*'d  in  caoi't^rs  uf  tin*  skiii»  mnens  may  hi"  ]nMKlnt'i*d 
in  jnrimmaiy  eaiteers,  i»r  linjiiy  si|namtms-r<^lliHlraiviiHnuata  may  di*M^I<i]f 
in  mnt^uns  mmnhiam^s  jxissrssin^^^  eviiiidriral  epiliirlium  (-^idl -hkuhh'i 
HP  in  (hus(_»  haviii^^  traTiNitiunal  i^pithi'liiim  (peh  is  of  kiiliiey  ). 

(1)  Sqoamous-ceHed  cancers  ilr\  elij[>  in  tlie  skin  and  in  iIuksc 
mucous  membranes  covered  with  squamous  cells.  The^^  oeear, 
therefore,  in  the  extenial  skin,  month  ea\ity,  pharynx,  cesophagus, 
htrynx,  vaginal  portion  id' the  eervix,  vagiaa,  and  extermd  genitals.  In 
nire  eiuses  they  may  develop  in  nuienns  mf^mtjnini\s  possi\ssing  eylimlrieat 
(*pithi*linm  —  fur  t^xample,  in  the  ti*ac*hea  a!i<l  gall  hhnhltM" — or  in  the 
remains  <d' fo't al  stinetnres — Air  example,  in  the  rrmains  uf  t  lie  Ijranchial 
c'l^-fls,  and  in  ilcrmoids. 

The  tiat  <HOi<-d  <*anrrr  is  eharatierized  ehitvtly  try  I  tie  formation  nf 
r*4ativt'ly  huge  eeil-nests  (Figs,  :i4t,  a)  uf  irregular  shap*";  hnf  they 
utten  form  also  snmll  strands  of  cells.  Tin*  epitht*lial  e*'lis  which  nrv 
cM>Ueet<'d  in  masses  show  clearly  the  eharaelei'  of  stratiht*d  sipiamons 
pfiithclinm  with  tlie  formation  nf  i>rickle-eens,  but  mi  aeconnt  of  their 
mnltiplicatimi  within  the  tissue-spaces  are  uswMy  poftfmorphouH,  and  mt 
longer  man i fesi:  th<*ir  typical  cliara(*ti*rislit's.  Very  otti^n  the  format itni 
of  kenitohyalin  and  corniticatinn  l:ikes  plai*e  witljin  the  large  epithelial 
plugs  whii^h  have  pi^m^tralrd  into  iln*  d<H*prr  tissm\s.  The  cells  %vhieh 
Jiave  undergone  a  hoi'ny  change  become  arniiige<l  in  concent ric  laminiv 
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iif  hyiilino  (»i»ll  ]>rn(Iu<is  in  tltm  (^c^jtrt'of  tlu'  relliimiise^they  may  take  on 
an  mh' no  mitt  it  its  M\\\uKnn%\vi\ 

(2)  Cylindrical-celled  carctnomata  des  elop  cliiedy  iti  thn.se  mucoui^ 
laemhruiies  i*<»sss*^ssio^f  ryliiHlri(*al  t.'pitli*4ium--in1eHtiiies,  8totnach,  respi- 
rat(H"y  I  met,  lnniy  of  \\w  uU^vu^,  luid  ^:iH-l>liid(Jri\  hut  occur  silso  in 
Inlands — i»v!iry,  iiiiiiujoMiy  ^laiid,  liver,  vU\ — ns  well  as  iu  \\w  rerclrral 
veritrit'h\s,  Siirh  ttiniors  rxliiUil,  al  least  in  the  ejirl\  sta^^'S  of  devcloji 
luent,  ttte  eluiiiu'ler  ol  carcjitorna  adenomatosum  or  adenocarcinonia 
(Figs.  3;i(>,  :i:i7,  :U3),  and  also  t«>ria  */|»ithelial  stntetures  whieh  resemble 
*«:l;iads  and  coosish  nf  variously  formed  ji:l(nKl  tuhales  lined  by  a  simple 
or  si  ratified  epithelium.  A  more  active  jM'oli  feral  itm  of  the  epithelial 
eells  leads  jtnally  to  the  formation  uf  eompaet  eell-uests  possessing  mt 
lumea  (  V\^.  ^U4). 

Tlie  stroma  of  eyliiidrieal  celled  carciuoiiiala  is  usually  ]ioorly  de- 
veloped; and  tljc  hinuir  ennseqiienilv  hears  the  eharaeler  t»f  a  soft  c:in- 
cer,  a.  carcinoma  medullare.  NcveJlheless  the  cancerous  (issue  may  iu 
Sf>me  cas4^s  ]KJSst*ss  a  tit  in  eoiisisleuee, 

{}\)  Tlie  carcinoma  simplex  or  (Htrrhtomit  in  ihr  mtrnnvrr  ntuHc — that 
is,  a  caiH'cr  wliosi^  csj^eeial  charactciistics  an^  derivetl  I'rotn  (he  torm  and 
[jositioii  of  the  eaneer-eells,  in  that  these  are  arranged  simply  in  irregu- 
lar, eomi»;w!t  heaps  (eareinorna  soHdum)— tK^curs  mtKSt  frt*queiiny  in 
glands,  Ijiit  may  develop  also  in  the  mucous  inernhraues  and  skin.  The 
<-ell  nests  are  iu  part  very  irre;;ularly  shaped  {Vi\i.  MT^)^  in  part  round 
(Fif^.  ,H4(rv,  or  in  other  cases  elnn^^aled  or  rnsifiura  {  Fi^.  .S47).  Th»'s«* 
variations  have  ^i\en  oecasion  I**  the  employment  of  the  terms  carcino- 
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FicJ.  34H.    SiH-tion  ihmuifh  a  wirmfnt  nf  a  i-}^rrJTi<miii  of  tlu-  bn*iwt  iMii^tihn],  hfriuatnxjrltn)*    a,  KtMt^* 

tirau*';  f,  ♦iirt(ni>iitauniH  iiytlUmnon  nt  rm  li^sut^;    (/,  |H»rTi<iMof  skin  lullHnk(*^<i  wirit  tMinlniima:  h, 
of  i'urn"tr-4Vl]ti  ill  Ihc  nlppl'i;  ',  iiormul  ^NuiirMt^ltvik'':  /k\  tttiiiill-<t*llinJ   InDltmllon   of  thf  roiinecUvt*  Uyaui 


ma  acinosum  (  Fi^,    346)  and  carcinoma  tubylare  (  Fij;.  347)  as  distin- 
l^nisliinj^  (yp*^sof  corrcsjmndin^  <*ha racier.      U  slionhl  he  uoteil,  liowever, 
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rliat  these  different  typ€*8  may  '5^3  present  in  the  h;iiih*  uimur  ^^Fig.  348, 
^%ft9)y  since  lluM-hiinit'ler  of  the  eel  I -nests  depends  partly  npon  their 
msiniier  of  growth  siud  partly  upon  rljat  of  the  ennuect ive! issue  stroMm 
\n  which  Hiey  develop.  At  the  stj'at  <^f  arigin  ui  the  tumor  the  eel t- nests 
may  have  a  variety  of  shn|H^s  (r) :  in  adiposf*  tissue  I  hey  \\\^  rounded 
(/);  ill  the  unyielding  eonm'etive  tissue  of  the  skin  they  aK*  small  and 
fusiform  (g). 

An  abnndaut  development  of  cell  nests  within  a  tlelinite  eonneetive 
tissue  stroma   leads  to  the  formation  of  a  carcinoma  medullare*     A 
marked  development  of  the  ronneelive-tissue  stroma  with  the  formation 
of  relatively  few  eaneer  eells  ^^ives  ris<»  to  a  hanl  tumor,  whidi  is  called 
a  carcinoma  durum  or  a  scirrhus  (Fig.  347). 
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Tfje  hard  variety  of  cancer  owes  its  origin  to  !1m^  fact  that  the  cell- 
nests  are  fr4nn  the  hi^giuning  relatively  few  ami  small,  while  tlie  conuee- 
tive-tissue  stroma  is  almndant  and  hard.  8uch  tumors  are  toriued  espe 
cially  when  the  i*ijithelial  proliferation  intiltrates  into  ha^l  eonneetiv  < 
tissue,  as,  for  exinnple,  in  the  manimary  gland  ami  skin^  hut  the  sinne 
el^arcW■terisli^^*^  may  be  exiiihileil  in  the  case  of  newly-formed  connective 
tissue.  In  the  conr*se  of  tiuie  a  cancer  l)ecomes  haitler  by  reascuj  of  the 
destruction  <if  a  large  [Mirtion  or  of  all  of  the  nests  of  eidthelial  cells  (Fig. 
347,  b),  while  the  <'onin*ctive  tissue  increasi\s  in  nmount.  An  originally 
Aoft  cancer  may  become  hard  through  a  moi^  or  less  prononmed 
shrinkage  of  the  cancerous  tissue  in  assixnatiou  with  the  induration  of 
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the  intestine,  stomaeh  (Fig.  350),  and  miimmitry  glaud  (Fig.  349)  j   and 
mav  be  manifest   in  the  earliest 
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Btage8  of  the  development  of  the 
tumor  (Figs.  340,  h,  r;  350,/,,^), 
so  that  the  mucoid  prodncts  of  the 
cells  eoliect  Urst  in  the  cent  re  of 
the  cell-nests  after  the  manner  of 
a  gland  secretion.  Later  the 
b^irder  of  c^nH  f^nrrotmding  tire 
III  11  c  o  i  d  m  a  t  e  rial  in  bn  >ken 
through,  tlie  cells  pushed  aside, 
separated  from  the  nndcj'lying 
structures,  and  crowdeil  toward 
the  centre  of  the  mucus  contain- 
ing alveohis  (Fig.  .'^10,  d,  f%  /'). 
intimately,  tlie  epithelial  cells 
are  wholly  destroyed. 

In  intestinal  cancers  the  for- 
mation of  mncin  takes  phice  in 
goblet'CellH.  which  are  similar  to 
the  goblet-cellB  occurring  under 
normal  conditions.  In  eanciM'  of 
the  breast  the  mucns  appeam  in 

the  form  of  droplets  within  the  cancer-cells  (Fig.  3.^:1,  (?>,  and  becomes 
free  either  by  escaping  from  the  cell,  or  through  the  compleie  desti'iic- 
tion  of  the  cell  itself. 

Through  the  development  of  mucoid  or  colloiddike  masses  within  the 
cancer-cell  nest.s,  the  hitter  may  l)ecome  studded  with  hyaline  drops,  and 
thereby  acquire  a  mesh  like  apiieanmce  (Fig.   352),    Such  formations 
were  formerly  designated  a*s 
cyUndrmnata,     and     classified 
with  the  corresponding   sar- 
comata.   Should  it  be  thought 
desinible  to   retiiin   this  no- 
menclature, such  a  tumor  may 
l>e  designated  eartHmmm  eylln- 
dromatosum  ;  but  it  seems  un- 
necessary   to    separate   these 
growths  from  the  mucoid  and 
colloid  carci  nomata. 

When  the  cancer- eel  Is  at- 
tain an  extniordinarily  large 
size,  a.s  occurs,  for  example, 
in   flat -eel  led    cancers  or    in 
cancei-s  of  the  bre^ist^  the  tu- 
mor may  tje  termed  a  carci- 
noma srigantocellulare*     If  the  euhirgement  of  the  cells  is  not  due  to 
an  incre43u*e  in  the  amount  of  piotoplasm.  but  to  a  swollen  coiulition  of 
the  cells  or  to  a  collection  of  drops  of  fluid  in  the  cells  and  their  nuclei 
(Pig.  353),  the  cells  are  designated  phtjmiUdeH  {mn-inoma  phymliferttm), 

My^tomataus  deffeneraiion  of  the  conm'i'fivetimuf'  stroma  may  occur  in 
portions  of  a  cancer,  so  that  the  C4incer-cells  liecome  separated  from  each 
other  by  myxomatous  tissue  (Fig.  3o4,  c).  Such  growths  may  be  called 
carcin&ma  myjcomatoaum* 
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tuuiors,  according  to  the  descriptions  given,  are  to  be  (biassed  with  the 
carcinoniata,  others  repn*sent  calcified  atheromata  or  adenomata  of  the 
sebaceous  glands. 

If,  at  the  same  time  with  development  of  the  epithelial  new-growth, 
there  occurs  a  marked  proliferation  of  the  connective  tissue,  leading  to 
the  formation  of  a  very  cellular  tissue,  there  arise  tumors  which,  accord- 
ing to  their  structure,  maybe  designated  adenosarcoma or  sarcocarcino- 
ma.  Typical  examples  of  this  form  of  tumor  occur  in  the  kidneys  (Fig. 
355,  a,  b),  forming  medullary  tumors,  the  origin  of  which  is  probably  to 
be  referred  to  a  disturbance  of  development  of  the  kidney.  Such  tumors 
may  show  a  varying  structure  in  different  parts,  at  one  time  more  of  an 
adenomatous  or  carcinomatous  character,  at  another  time  only  a  sarco- 
matous.    The  metastases  of  such  tumoi-s  exhibit  a  similar  character. 

Spontaneous  healing  of  carclnomata  does  not  take  place,  but  many  of  them 
grow  ^ery  slowly,  and  many  processes  within  cancers  may  be  interpreted  as  local 
attempts  at  healing.  In  this  category  belong  especially  the  degenerative  processes  in 
the  cancer-cells  that  lead  to  their  death  and  dissolution,  so  that  finally  in  large  areas 
of  the  neoplasm  (for  example,  in  cancer  of  the  stomach)  there  may  be  found  only  hyper- 
plastic masses  of  connective  tissue,  but  no  more  cancer-cells.  It  is  very  probable  that 
m  the  destruction  of  the  cells  proteolytic  ferments  may  play  a  r61e.  The  occurrence  of 
calcification  in  a  cancer  depends  upon  a  previous  death  of  its  cells.  Further,  the  fact 
that  ti'ansported  cancer-cells  (compare  §  125)  do  not  always  give  rise  to  daughter- 
tumors,  but  very  frequently  die  at  the  place  where  they  lodge,  may  be  interpreted 
as  a  healing  process. 

Various  authors  (Becker,  Petersen,  Schwarz,  Orth)  would  also  look  upoA  the  occur- 
rence of  giant-cells  within  tumors  as  a  process  of  healing;  it  would  be  more  correct, 
however,  to  say  that  in  the  course  of  certain  retrograde  processes  giant-cells  may 
appear.  The  cause  of  the  retrogression  lies  not  in  the  giant-cells;  they  appear  only 
under  certain  conditions,  and  especially  when  in  cancers  corpuscular  elements  of  cer- 
tain kinds,  comified  cells  in  particular,  come  in  contact  with  connective  tissue.  They 
are  nothing  more  than  foreign-body  giant-cells,  and  their  occurrence  is  to  be  regarded 
only  as  secondary  to  certain  retrograde  processes. 
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fcJee  also  §}  122  and  124. 

g   124.   Tlir   cystocarcinomata    n^prf'st^iit   a    ffuni   of   huiior   whieB 

staiHls  in  the  sauu^  ndutimi  ity  vuuvvr  ;is  liie  c*yst!id*»iioiiial!t  do  to  the  ade- 
utiniutn.  The  ]ii;i jfiiritv  id*  ruiHTi-s  iDru*  im  dmiuiistnibk*  serretioii,  bat 
tlirit'  iMH'ur  (■**rlaiii  viiriidii's,  i>artii'iil;irly  in  ihe  ^rniip  fd^  adenoearciiio- 
niiHit,  ill  whitdi  lin"  ^iHlhidiul  cidls  |iiHMliiri^  iiiuriis  or  rulbdd  (thyroid); 
and  in  adenoc^iiiriiHunsitaid^  the  liviT  a  serndiLHmf  Idle  has  been  observed 
(S(diiiiidt),  III  i'ysti>eardoonuita  lb<*  mnnnis  sm-rfdiuu  of  the  epithtdiiim 
jjiay  lead  to  Ihe  furniulion  *d"  Lri'ne  spares  Jilled  with  tliiid.  (5'stocarei- 
iKHiiata  occur  rhifdly  in  the  o\  ary  and  nianiniary  ^huid,  usually  Itearing 
tbr  eharacli^r  of  a  cystocarcirioma  papitliferufn  (Fig.  :?.*»i;  i,  in  that  the 
eyst-spaees,  in  eeitain  parts  ui"  tluon^huut,  are  tdther  partially  (6»  c)  or 
wholly   {(i,  e)  hBe^l  wiili  [mpillary  proliferations.     These  excreseeiice** 
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possess  a  soft,  inednllary  appeaninee,  and  when  developed  in  great  num- 
Iters  give  to  the  entire  Innior  a  onii'row  like  eharaeter. 

Both  the  eyst-wall  antJ  tire  iiaidllary  prolitVratioiis,  whieh  biuueh  in 
the  sjime  manner  as  d«i  thusiMjf  tlie  papillary  eystademnnata,  aiT  covered 
with  a  thick,  stratitied  layer  of  epitheUnni    (Fig*  357,/),  r,  d  :  358,  e)* 
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The  metastases  of  eyst uCiinniioniiilai  may  hu\e  tlie  eharaeler  uf  enuli* 
Hower  like,  papillary  ^ruwtlis,  and  this  is  partieiilarly  the  case  when 
nviuhin  tuiiions  (if  this  nature  sjMead  thruK^hoiit  the  peritoneal  cavity* 
Oilier  metitstanes  w!iyw  Ihe  eharattt^'isties  of  ordinary  eareinomata. 

Literature. 

(Cydociirviiiiynm, ) 

Baumgarten :  Ovurmlkystoiii  tiiit  Hhittisriisi^ii,     Virth.  Arch  ,  U7  Bd.»  1884. 
Billroth:  llainlb.  d.  FrjiUL'tikmiiklu'iien,  ji  ,  SUAtt;;:urt,  1886, 
Leser;  Zur  paflml,  A  nut.  d.  Gt'SchwDlstr  dvv  Brtistdrtlsc  n.     Bcntr.  \\  Zkirlcr,  h'.,  1888. 
PfannenBtiel :  PapiJlttii- Ck-whvviUsttMks  Kirrsiocks.     Arch.  f.  Gyn.,  48  BiL,  1895. 
Sasse:  (vstiselK^  Tiiniuieii  A.  Mainrna,     Lau^ciilit'tk's  Areli,.  r»4  Bfl.,  1897, 
Schmidt:  8t:riviionsv<irgiliri;v  in  Krrlisi^n      Vircli.  Arcli.,  148  B<1.,  18t*7  (Lit). 
Stratz:  Die  Ge8cliwtll.stL' tlis  Eiinitot-ks,  Bfrliu.  1894, 

§  125,  Growth  by  infiltration  and  the  invoKement  of  the  surround^ 
ingf  tissues  lakes  plaec,  during  tin* early  sla;;4'S<if  de\  (dt>}>jnr'at  (8ee.  122), 
tlirmigh  tlje  iHjnt^tralJoa  of  the  t^idthelial  rlt^nit^nts  ahme  into  t lie  neig^h- 
borin^  tis.sue  in  rlie  form  of  conneeted  pln^s  or  eordn  of  cidls,  Kot 
iufrequeutly  tliere  appeal"  in  Ihe  lissiie-spuees  Kindle  epithelial  relin  thai 
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multiply  and  form  strands  or  round  masses  of  cells.  lu  the  growth  of  a 
(umor  inl4>  iiei^riiiMuinj^  organs,  t!ie  (Hanteetivedissne  stroma  (  Fi^.  3afi,  d\ 
suriTiundinir  the  *h-11  nests  hreaks  ialo  the  iieij^hhoring  tissue  (>0  and  n^- 
places  it.  Sneii  a  niodr  of  iuiiltration  oeeurs  tti  the  most  marked  decree 
in  Ihe  ease  of  eareijiomatnus  iniiliratiori  of  i^artihij^e  (it)  and  bones. 

The  formation  of  metastases,  w  hieh  takes  plae^  more  frequently  in 
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the  <ru8e  of  lairiiioma  than  any  othf^r  forui  of  tumor,  in  the  niitnnil  rt»Hult 
*»r  its  iiifilhativ*^  unnU*  of  growth.  In  llii*  procpss  ut  i  ii  tilt  rat  i4jn  the 
t^mrfT'('ftLshrrnkhtt4ttiif'ltfniph-vrjititfH(¥\ii,  214),  ainl  tlinmjrli  tlrt^st^  nn^ 
("irried  to  tlie  lyiiiph-,i^dauds.  In  both  phu-t^s  tht'iv  ivsiiHs  a  imillij>lirn 
I  ion  of  liie  t  rarmport4Hl  riiiiei^r-eells{Fig8.  244,  a  j  360,  d).  Jii  the  lyiii[»li 
glaialH  tlie  lyiiii»ii;idenoid  tissue  Lit^coioKs  trplact^l  l»y  miit'iT  tissue;  thi* 
lyiti[)liorytes  vanish,  wliile  tLe  roiHRHilivt*  tissui'  of  Hit*  lymph  j^laiul 
serves  a.s  a  rraniework  for  the  cancel'. 

The  dmrlopnieiit  of  eaiieer  in  the  lymph-ehuntieis  is  eitlier  liiuited  to 
the  tilling  ami  distention  of  tlie  lympli'Veaseis  by  ttie  eaneer  eells  ( Fi<^. 
244)  or  it  may  likewise  lead  to  the  formation  iu  this  sitnatiou  of  dans^ii- 
ter-nodiile.s. 

Tlve  epithelijd  olistruetion  of  the  lyiaph  vess«4s  is  i>fteu  very  exteii* 
sive;  and  1hriMi;ih  tlie  lilijekin;;'Up  of  iutlixitbial  lympli-ehainiels  or  of 
llie  tlioijM'ie  tbn't  itself,  a  ri'irofjrmb'  hh  hint  axis  of  fituffrrrl/H  tfi^if/  hr  rfntani. 
Fur  e\:nimh\  in  llieease  of  a  eaneer  »if  th**  storjiael*  the  lympli  vessels  of 
1  he  mesentery  and  the  thonieic  duet,  and  those  of  the  Innj^,  or  even  of  the 
ui>perext  remit  it's,  Juay  beetvme  the  seat  of  joetastat  ie  i^rouifis,  11irou|;li 
the  thoHK  ie  duct  cuncer-eells  may  be  carried  into  tJie  blood- stream. 

The  ipdhrlitd pndifrruiion  hnak.s  inh*  bhmd  VfXHrls  not  Jess  fivcpiently 
than  into  the  lymphatics;  and  tlie  inviLsitm  of  the^eiuH  l>y  cancercells 
is  to  be  recanted  as  a  c<»nstiint  idienomeiion.  In  eonsc^quetice  the  ressel- 
lumen  lit*conies  tilh-d  with  eaucer-t^ells,  and  at  a  later  stajxe  the  afleeted 
IKjrtioii  of  the  vessel  heeornes  converted  into  eaTi«'(*r-1  issue,  the  frame- 
work of  whicli  is  formed  throuj^rh  the  prolilVratiou  of  the  constituents  of 
tihe  more  or  less  altered  vessel -walh 
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marked  connective-tissue  proliferation  occurs  in  the  cancer-inetastases 
in  bones  (Fig.  364),  particularly  A^hen  there  is  a  diffuse  growth  of  the 
<:ircinoma  through  the  bone.  With  the  destruction  of-  the  old  bone  the 
carcinoma  may  form  in  place  of  the  bone-substance  an  abundant  fibrous 
stroniji  in  which  osteoid  tissue  or  new  bone  may  be  formed  in  large 
amounts.  It  wouhl  appear  that  many  carcinomata  must  produce  sub- 
stances that  excite  a  marked  proliferation  of  the  i)eriosteum  and  endos- 
tcum.  Similar  marked  proliferations  may  occasionally  be  observed 
when  carcinomata  spread  over  the  serous  membranes,  particularly  the 
l)eriosteum. 

As  has  already  been  mentioned  in  §  101,  carcinomata  may  be  trans- 
planted to  individuals  of  the  same  si)ecies,  and  after  ox)erations  im- 
plantation-carcinomata  may  develop. 

Recurrences  after  the  removal  of  the  tumor  by  operation  are  very 
common  in  the  case  of  cancei-s,  and  in  advanced  cases  can  scarcely  hi' 
avoided.  They  arise  usually  from  remains  of  the  primary  tumor  or  from 
metastiises  already  present  in  the  body  either  in  the  immediate  neigh- 
borhood or  in  distant  organs.  In  rare  cases  the  conditions  favoring  the 
growth  of  the  cancer  may  again  arise  in  the  neighborhood  of  the  scar 
lesulting  from  the  operation,  so  that  after  several  years  a  new  cancer 
develops. 

Recurrences  and  metastases  of  the  chorionic  carcinomata  grow  extremely 
rapidly  so  that  within  a  few  days  tumors  of  considerable  size  may  be  formed.  The 
dark-red  color  sliows  even  to  the  naked  eye  that  blood  is  lai^ly  concerned  in  their 
make-up,  and  the  microscopical  examination  shows  that  the  rapid  increase  in  size  is  in 
a  lar^c  measure  due  to  the  large  hemorrhages  caused  by  the  development  of  the  tumor. 
The  epithelial  masses  may  form  a  relatively  small  part  of  the  entire  bulk  of  the  growth. 

Chorion  carcinomata,  that  is,  the  epithelial  cell-masses  characteristic  of  these  tumors, 
have  been  repeatedly  observed  ouside  of  the  uterus,  in  various  organs  (Schmauch,  Schmorl, 
Hisel,  Busse,  Zagorjanski-Kissel),  also  in  cardiac  thrombi  (Busse),  without  any  tumor  oj 
the  uterus  having  been  demonstrable.  This  phenomenon  may  be  explained  by  the  fact 
that  the  epithelial  cells  of  the  normal  chorion  or  of  the  hydatid  mole,  that  is,  of  myxoma- 
tous chorionic  villi,  may  be  transported  through  the  blood-stream  and  proliferate 
without  the  development  of  a  tumor  at  the  placental  site. 
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3.  Thk  Teratoid  Tumoiw  and  ('ysts. 

}^  12G.  Under  the  head  of  teratoid  tumors  and  cysts  may  be  grouped 
those  tumor-like  formations  which  are  characterized  by  the  fact  that  the 
tissue-formations  of  which  they  are  composed  either  do  not  occur  nor- 
mally at  the  site  in  question  {heterotopaus  groxcth),  or  at  least  do  not  nor- 
mally appear  there  at  the  time  at  which  they  are  found  {heterochronouH 
f/rowfh).  Part  of  the  ttnatoid  tumors  and  cysts,  which  are  classed  as 
teratomata  in  the  narrower  sense,  exhibit,  moreover,  the  peculiarity 
that  they  are  compoaed  of  a  varirly  oftiHsues. 

The  teratoid  tumoi-s  and  cysts  may  be  conveniently  divided,  according 
to  their  structure  and  their  origin,  into  three  groups,  as  follows:  (I) 
The  ainiple  teratoid  iumorn ;  (2)  the  shnple  teratoid  ci/nts  ;  (3)  the  comiiHex 
tf automata,  whieh  in  part  eontain  timues  derived  from  all  the  germ-layers. 

The  heterotopous  tissue-fi^rowths.  which  are  classed  with  the  teratoid 
tumors  nuiy  occur  in  the  most  various  organs,  but  are  more  f recpiently 
found  in  certain  regions  than  in  othei'S.  Among  the  more  common 
tumoi-s  of  this  class  aie  the  chondronmta  and  chondromyxomata  of  the 
salivary  glands  and  the  testicle,  osteomata  of  the  muscles,  lipomata  of 
the  pia  mater,  adcMiosarcomata  of  the  kidney  containing  striped  musc*le, 
and  the  adrenal  tumors  found  in  the  kidney.  Among  those  occurring 
more  rar<*I y  aie  the  chondromata  and  osteomata  of  the  skin  or  of  the 
mammary  gland,  rhalnlomyomata  of  the  testicle,  etc. 

The  occurrence  of  tissue-formations  in  regions  in  which  such  tissues 
are  not  normally  piesent  can  be  explained  in  part  by  the  assumption  that 
cells  or  {groups  of  cells  of  a  tissue  hfive  not  undergone  a  normal  differ- 
entiation into  definite  tissue-f<u*]us,  but  retain  the  capacity  of  forming: 
different  Icinds  of  tissues.  Nevertheless,  in  many  case«  the  explanation 
is  to  be  sought  rather  in  a  germinal  aberration  or  a  misplacement  of 
tissue,  in  that  either  in  early  embryonic  life  embryonal  cells  of  one 
organ  find  their  way  into  the  anlage  of  another  organ,  or  that,  later,  tis- 
sues in  process  of  development  or  already  formed  are  displaced  from  their 
normal  position.  The  first  process  can  be  inferred  only  from  the  sub- 
sequent appearance  of  pathological  tissue- format  ions;  the  latter,  on  the 
other  hand,  may  at  times  be  recognized,  later  on,  in  the  anatomical  re- 
lations. Thus,  for  example,  in  the  retrograde  changes  occurring  in  her- 
nifis  of  the  sacral  ])oit  ion  of  the  spinal  cord,  adipose  tissue  and  muscle-tis- 
sue may  find  their  way  into  the  spinal  canal  and  the  arachnoidal  sac  and 
grow  around  the  nerves.  Arnold  observed  transposition  of  fat-tissue, 
gland-tissue,  cartilage,  and  neuroglia  at  the  lower  end  of  the  trunk,  in  a 
case  of  myelocyst  with  complete  absence  of  the  lumbar,  sacral,  and 
coccygeal  portions  of  the  spinal  column.  He  also  found  in  a  lipomatous 
teratoma  of  the  frontal  region  that  the  intracranial  portion  of  the  tumor 
communicated  with  the  extracranial  through  a  defect  in  the  cranium. 

The  teratoid  cysts  may  be  divided  into  two  great  groups:  the  edo- 
dermal  on  the  one  hand,  and  the  entodermal  and  mesodermal  epithelial  cysts 
on  the  other. 

The  ectodermal  cysts  vary  in  size  from  that  of  a  pea  to  that  of  a 
man's  fist.  Their  walls  present  ectodermal  characteristics,  either  in  that 
they  consist  only  of  a  smooth  connective-tissue  membrane,  covered  with 
stratified  squamous  cells — the  so-ciilled  epidermoids ;  or  the  cyst  walls 
may  present  all  the  characteristics  of  skin — that  is,  contain  papiUae,  seba- 
ceous glands,  hair  follicles,  hairs  and  sweat-glands,  and  often  also  subcu- 
taneous fat — the  so-calle<l  dermoids  or  dermoid  cysts  or  dermatocysts. 


4V)  TrMORS. 

Th*-  c-y<t-croutent.s  eoii>ist  either  «if  desi|aaiuated  liumy  cells  aloiie.  or 
of  sudi  f-ells.  fat,  and  blond  hair. 

Kpidf-nnoid^  and  dermoid*  are  found  chiefly  in  the  Aim  and  Jufcffrfa- 
n^onH  ftMM^M,  where  they  present  theiu.selves  iu  the  form  of  tmmuMrg  oonloia- 
ing  a  pnUncfrouJi  wateriaK  which  rei^emble  a/A^romato,  i.e..  tumors  caused 
by  the  retention  of  .secretion  in  the  excretory  ducts  of  the  sebaceous 
^iantls  and  in  the  hair- follicles.  They  are  al^  found  at  the  sides  of  the 
n^rk  and  in  the  median  line  either  above  or  below  the  hyoid  bc»De; 
fnrthnr.  in  the  thoracic  cnnfy,  particularly  in  the  medUuiinmm,  in  the  jy^n- 
ttm*nl  cfirify  '  nin-lv  i,  jM-lric  r^Jylar  Ujshu^,  cocrygtaJ  rcffioMj  and  in  the  raphi 
o/  thf'  ]H'rinfHin.  Finally,  they  aLsi  apfiear  icHhin  the  cranium,  in  the  dura 
•  »r  in  the  hyiniphysis.  <>f  frwjuent  ix-ciirrence  are  the  intracranial  forma- 
tions which  are  known  as  cholesteatoma  or  as  pearl  tumors.  These 
;:iowths  vary  in  size  from  that  of  a  i»esi  to  that  of  an  apple;  they  form 
spherii-al  or  n<»iliihir  tum«»rs.  having  a  white  .satiny  surface,  and  consi^ 
for  the  chief  part  of  thin,  non-nucleated.  s<-ale-like  cell-s  arrangetl  in 
clMS4'ly  cmwdeil  lamina*.  They  are  invariably  situated  at  some  poiut  on 
the  ]iia  Cl^istnim;.  and  at  such  place-s  the  vsLSciilar  pia  is  covered  with 
stratitii^l  sr|namons  cells,  which  in  the  cnmrse  of  yesirs  produce  the  deli- 
<-ate  epithelial  scjiles  of  which  the  tunu»r  is  coni|M.ised.  The  neighboring 
brain  tissue  and  the  arachnoid,  which  may  in  ]Kirt  extend  over  the  growth, 
are  n«»t  con<i'rne<l  in  the  formation  of  the  Imrny  scales.  In  rare  causes 
<'hul«'Steatomata  may  contain  sebaceouj*  tn4it*-rhd  nwltlne  hain  in  addition 
to  the  horny  S4'alt*s  and  cholesterin.  In  these*  c:u>es  there  may  be  found 
si-iited  lit-re  and  there  u]K>n  the  pia  dprnwl  Mtructur^s,  i.e..  true  skin  tissue 
cr>ntainin^  xtlMw^ouH  fflamh  and  hair-fi/llirhx,  fnmi  which  the  sebaceous 
material  and  hairs  found  in  the  jrrowth  arist*.  The  simple  cholesteato- 
mat  a  may  then*fi»re  1m?  designated  as  epidermoids  (Bostrom),  tho^ 
containing  hair  as  dermoids.  C'holesteatnmata  cK-cur  at  the  base  of  the 
brain,  ill  the  iH-i;rinM»rlnM»d  of  Theolfact<»ry  1o!k'.  lulH^r  cinereum.  eori)US 
rallifsiuii.  cliijnnd  plexus,  pons,  medulla  oblongata  <  very  rarely  in  the 
>piiial  con]  \,  and  in  the  cereU-Ilum. 

The  (lernioid*^  and  «'i»ideriiioids  under  consideration  prt»l»3ibly  owe 
Their  origin  to  a  transplantation  of  epithelial  germs  to  the  sites  iu 
question.  In  the  cast*  of  the  ei»iderMioid>  probably  only  embryonal  epi- 
thelial cells  are  transplanted:  iu  dernmids  embryonal  dermal  tissue  is 
aN»  tran>i»lan!<Ml.  Tin*  inlnicrauial  elmie-sU-atinnata  tiriginate  ]»n»ba- 
bly  in  an  early  iiiiplantati<»n  i»f  epidermal  anlage  in  the  pia.  Me<liasti- 
nal  dermoids  pnibably  dej»end  upon  di>lurbanees  i»l'  tlevelopment  of  the 
thymus,  which  aris4*s  I'roni  the  ectoderm.  The  dermoids  on  the  sides  of 
the  neck  arise  l*ri»m  remains  of  the  braneliial  clefts,  particularly  of  the 
S4-cond ;  tho«^»  hanging  from  the  hyoid  bon**  or  lying  beneath  it  are  pn>b- 
ably  to  Ih'  regarded  as  1  lie  nMuai lis  of  the  due!  us  thy re<)glossus.  Dernndds 
of  the  i»elvic  cellular  tissue  may  W  exi)lainetl  iks  arising  from  epithelial 
in>h«M»ts  fn>m  the  jM-riu«Mnn. 

Simple  entodermal  and  mesodermal  epithelial  cysts  are  charac^r- 
ized  by  a  lining  of  eylindrieal  cells,  wliith  areotieii  rUiaifd,  They  occur 
most  frequently  in  the  broad  ligament  and  iuU-n.  They  are  found  also 
in  other  p»»rtii»ns  of  the  i»eriton«-al  cavity,  in  the  intestine,  in  the  neigh- 
borhood of  the  trachea  :ind  hrouclii.  in  tlie  lungs.  ]ileura,  neck,  tonjjue, 
vagina,  glandular  organs,  etc.  Tlh-y  !'«»rni  c\>ts  \arying  in  size  from 
that  of  a  pin-head  t^  tli:it  of  a  uian*-^  lie:nl. 

The  i»c«-urivuce  of  thcM'  cysts  may  Im-  explained  in  mo.st  ca.ses  by  the 
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persistence  of  fceta!  glands  or  canaEs  ih-  hy  the  separation  through 
constrjction  of  portions  of  entodermal  or  mesodermal  epithelial  tubes. 

Ill  tlio  iieek  riMmiitis  of  the  interual  brsiuehial  dolts,  ui  I  he  iM)sterinr 
p(H'tions  of  the  tnii^ue  tlie  ivinaiiis  of  tln^  duet  lis  thyTv«*K^**^'^'*^  ^*^'  **^ 
*'pitlH'ii.il  hiids  aiKl  ghiiids  d«*velHjii!i«x  from  tbt^  saniiv,  in  thi?  (vsophii^us 
and  rr^pirut*Jiy  tract  snared-oti*  port  inns  of  the  intestinal  canal  or  of 
the  air-pjissii.^es,  or  remains  of  the  einnmnniealitm  K>et\veen  alimentary 
truet  and  air-pa.^sii^'es,  may  form  Ihe  foniidatiini  fur  the  development 
it\'  such  cysts.  In  the  Iiroad  lij^nmrdt.  uterus  wall,  and  tiihes  the  cysts 
ans4^  fruiji  remsiins  uf  the  «*aiiuls  uf  the  \\'c»ltlian  <luct  and  the  dnct  of 
(iiirlner;  in  tlie  tubes,  et*rvix.  purtio  vaginalis,  vagina,  aiitl  byaien  they 


;;:*^>-:" 


FHi..Kk>.-A«Jt'nnmti-lltee  l*k>Iutl<>n  In  Ihf  suUruuwwn  tit  h  fwntJoa  of  the  mnwira  membmne  uf  rhi^ smAll 
ini««tl!i(\  iclvinjf  rbM-  u,  n  ri»lm>llk«  ptximiiiHtiif  of  ni#'  muoiwa  2  cm.  in  Wttffth  (alnibni,  lai'KmioxvlJnu 
Ff*jm  tt  I'bJId  atx  weeks  nt  tkfcti,  ft,  h^  c,  Normul  Ititcstlaal  wull;  <!,  £,  imrtiuiiA  of  uiurxwa  lntiud*Hl  within 
Uie  Hibmui.'OBa ;  /,  mucous  tlaitue  rleli  Id  oelbi.    a  95. 


arise  from  the  remains  of  tlu^  latter;  in  the  peritoneal  cavity  in  part  from 
suai*ed't»ii'  portions  of  Ibe  intestine  (t'ltttrorffHf^),  or  in  jnirt  from  portions 
of  the  uniehiLs  (unwhiiiicyd^),  Witliin  the  glands — for  example,  tlie 
liver  or  the  kidneys — pt>rtions  of  (lie  glandtnlmles  may  become  con- 
stricted oti'  during  the  period  of  deveJopment,  and  latter  de\  eb)p  into 
cysts  {mlrmfri/^sta)^ 

Cysts  hK-atcd  in  the  central  nervous  system  or  its  innneiliate  neigh- 
boi'lniod — for  exauiple,  at  Ihe  hnver  end  of  the  trnuk — ^may  arise  from 
Ine  mednllary  canal  (mift'loci/Mh),  in  the  hit(er  f)lace  also  frnin  remains  of 
the  hind-gnt  (fnieroetfaiity 

The  origin  of  the  cysts  lined  with  cylindrical  ei>itlielium  can  usually 
l>e  determined  only  from  their  ijosition  and  the  character  of  their  walls, 
but  in  the  nni  jority  of  cases  the  origin  can  usually  Ik*  ascertained  lM?yond 
doubt.  The  diagnosis  can  be  nnide  with  The  greatest  cerlainty  when  tlie 
misplacement  of  the  w^parated  portion  is  slight  (Mg.  :i(J5,  d,  *•),  and  whea 
the  forjnatiun  8till  shows  clearly  the  character  of  the  mot  her- tissue. 
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The  si^iiiiieaiice  t»f  ectodermal,  eutodennal.  and  inestMlernial  eysts  is 
dei)endeiit  upon  their  position,  size,  and  the  si'Condarj'  changes  whieli 
oceur  in  thein.  Their  size  varies  from  that  of  a  pin-hesid  to  that  of  a 
man's  liead.  Among  tlie  Herondanj  changiH — juside  from  inflammation — 
may  be  mentioned  the  devehipment  of  adenomnta  and  carcinomaia.  For 
example,  remains  of  the  WollVian  body  whi<'h  are  ])ivsent  iu  the  dorsal 
wall  of  the  nt(Miis  near  the  angles  of  tin*  tiib(»s  (von  Heeklinghausen).  or 


Vu..:U'di.    .\tU'iu)\i:,i-\\\ir  n'lu'.ilnH  of  th«  Wi.lfflan  iKMly,  within  tin'  iiK'hiif  initsculuiurf  (funnalln.  alonhol. 
luiiiiaUixylin,  <.*<isinL    n,  Mu-si'le  tissue;  h,  ^liindular  tis-siii* :  <-.  st^'tlons  of  vchsiMs.     x  l(k). 

in  the  broad  ligament  in  the  ingninal  n»gion  (Asehoft\  IMek)  may  jijive 
ris<»to  adenomata,  eystadenomata  (Fig.  3<i<),  />),  or  adenomyomata.  J>er 
nioit/.s  may  be  the  s<»at  of  dev<'lopment  of  a,  sffuamoaft-crflcd  rana'r  (hmnchio- 
genic  and  snbentaneons  earcinoma) ;  while  from  separated  portions  of  the 
intestinal  mncons  membrane  (Fig.  .'5<>."»J  it  is  probable  that  cylindrical- 
eelled  earcinomala  may  take*  their  origin,  ([ifsts,  riffifadntomata,  and  Cftr- 
rlnn/nahi  inav  develop  in  the  jaw  from  mis])laeed  portions  of  the  epithelial 
(tnhff/f  f[f  Uif  irt'th. 
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§127.  Complex  teratoma ta  <a'riir  ninst  t'riHiucutly  in  Ihe  s«3xual 
gljiiids,  i*iiilly  111  thi^  i'mni  *>f  tii-rmoht  rtfHtu  ;iiid  partly  as  .sohd  tumors  amo- 
vktitd  with  unifftplf  cff.sf/ttnttftfkni.  The  liist  oecm"  iMirti*nilurly  in  the 
ovjiry,  the  UiUrr  in  Ihr  hsslieh^s. 

Tiie  sncullrd  dermoid  cysts  of  tlie  uvury  h*rm  lather  thick  walled 
ryftts,  varyiii*^  in  si/e  fnnu  that  of  a  }it*a  to  that  of  a  laairs  head,  and  are 
lilled  wiih  a  latty  jnalerial  euiilaiiiin^  Idomt  hair.  At  suiue  i*oint  in 
thi*  wjili  there  will  Ik^  fonnd  exIendiuLC  into  the  eyst-eavity  a  nlln*s-likt\ 
v**duku\  jUiticnriK  or  ."fpptjnfi-Uke jrrominntffu  trfdch  in  vorrni}  with  fmir/t  and 
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¥in.  ;Xi7.— IVirtloii  c*f  the  wall  of  a  dennold  rvst  of  ihL*  ovttr>\    a,  Swiixitu  wall ;  fh  pmiotnieOdi* 

Inir  of  fttt  iiTKl  <'utnp<'^>U!»  liHssuai;  c,  swrallea  ijrtautM'miKtN  beat  (luwa  up*jn  itself  abovuimd liaulnn lifclfli 

nffrn  Mmhlfd  with  Ueih  (Fig.  3t>:,  ^>.  *%  ^')-      The  upper  layers  of  this 
proiaiiu*nee  eontain  ttie  eharaeti^ristie  structures  td' the  skin  i;  Fi^.  rtes, 
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«,  ttx,  a^,  6),  rjiimely,  hair  loll  iries  with  h;urs,  st4mceous  glands,  and  sweat* 
fClands;  siilMnitaiirmis  U\t  is  ulso  usually  pn\sf*nT  {/).  la  the  deeiM^r 
luprs  are  found  otlier  tissui-foriiiatiou.s,  siitvU  jus  cysts  and  tubes  lined 
with  (?iliated  t^olumuar  epithelhuu  (d),    bone   (g),  "cartilat^e,    teetb  (/i), 
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Fro.  "bH*.'  Set'tion  tlimuph  a  pmmirifnce  in  a  DjiiinitH'ithir  ilf rrnnkl  (aliousu,  tuiiir  ac<ld«  bcpmaioxytln. 
e^mtrik  ri,  rJ|,  (t^,  R|>JileniilM;  h,  iiirliini  MitN  ii«^hai't^Hiii  uliLnd.s;  r.  fikm.s  lltiiHl  with  sciimmoiiH  epitbi'llum  ; 
«(,  *1n(ii*  llnt^i  with  fi'llinlrliiii  Mplthtilluin  :  r.  tiihulur  glnud«:  /,  fwl-U^ue ;  {ji.  bont*;  /*,  t*>efh  ;  *,  limln- 
t(i«ii(4  witlj  fijrptjrn  limylacwi;  A,  i^varlan  ttesue.     *:  h, 

niusi^le-tissue  (also  heart  nnisele  [Katsurada]  ),  bi*ain  tissue  (i),  nerves, 
groups  of  ganj^lioH-ei*Hs,  niueous  inlands,  ijitestinid  Juueosii,  and  thyroid 
tissue,  JLs  well  as  jji^naeiiled  foruialions  rest^niblin^  the  rudiiiUMitary  tis- 
sues of  the  eye.  Kidney  and  liver  tissues  have  not  yet  been  found.  Tlie 
rt^inainiug  |HUlion  (*f  the  eyst wall  of  Hm*  dermoid  is  either  covered  witli 
cylindrieal  ejiiUieliuni  or  is  bare;  if  liairs  aie  pres^Mit  in  tins  portion, 
they  are  tin/  ii^sult  of  a  s4^eondary  iniphudatimi,  and  may  be  surrounded 
by  ^i-anulation  lissinr,  often  also  Viy  ^iaril  eells.  If  in  ;i.ssoei:itii>ii  with 
tile  cysts  eonbiinin^  fat  and  hairs  iht^re  are  also  found  cysts  tilled  with  a 
serous  or  mucoid  tbiid,  the  latter  may  Iny  explained  as  arising  throiigli 
the  cystic  ililatatiou  of  spaces  4if  the  dermoid  which  are  lined  with  eyliii- 
drical  cells.  Mint*  fretjnently,  Iniwever,  they  ivprcsiMit  tormations  re- 
sulting from  the  cystic  dcgcncndion  of  nci|rhbtning  ovarian  follicles  or 
of  adeimuKitons  new-growths.     The  ovary  may  Irt*  entirely  destroyed  l)y 
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the  dermoid ;  but  remains  of  its  tissue  are  often  ])resent  (A-)-  '"  ^'^^y 
rare  case^  several  dermoids  may  develop  eoineidently  in  one  ovary ;  a 
double-sided  occurrence  is  seen  in  about  fifteen  per  cent,  of  all  cases. 
Ovarian  dermoids  are  observed  most  frequently  in  individuals  of  middle 
age,  but  occur  also  in  children. 

The  most  characteristic  featuie  of  ovarian  dermoids  lies  in  the  fact 
that  they  contain  elements  of  all  three  germlayerSj  and  that  a  certain  law 
in  the  arrangement  of  the  different  elements  is  observed.  The  deriva- 
tives of  the  ectoderm  and  mesoderm,  in  particular  the  skin  and  its  ap- 
pendjigei*,  also  bone  and  teeth,  and  often  brain  substance,  are  developeil 
to  the  most  marked  extent;  while  entoderraal  formations,  cylindrical - 
celled  tubules,  and  mucx)us  glands  are  ordinarily  develoi)ed  to  a  much 
less  degree,  and  lie  concealed  in  the  diaper  parts  of  the  growth.  The 
structure  of  the  growth  as  a  whole  gives  th(^  impression  of  a  rudimtmiitrij 
embryo  with  an  unequal  development  of  ecto-  and  entodermal  tissue,  and 
such  tumors  have  thei-efon*  been  ap]>ropnatelv  designated  as  embryo 
mata  C  Wilms). 

The  solid  teratomata  of  the  ovary  are  much  moi*e  nire  than  the  der- 
moid cysts.  They  form  tumors  which  a.e  composed  of  a  confused  mix- 
ture of  the  most  varied  tissue-formations,  viz.,  epidermis,  epithelial 
pearls,  hairs,  sebaceous  glands,  sweiit-glands,  tubules,  and  cysts  lined 
with  ciliated  epithelium,  acinous  glands,  connective  tissue  rich  in  cells, 
adipose  tissue,  mus<'le,  caitilage,  and  bone.  In  wiv^  cases  teeth,  intes- 
tine, thyroid  and  brain  tissue  of  a  rudimentary  character  nuiy  l>e  present. 

Since  tlK»s<*  formations  also  contain  elemeniH  of  ail  three  genn-layi^VH, 
and  are  distinguishable  from  the  dermoids  only  through  the  lack  of  any 
regular  order  of  arrangement  of  the  different  tissues,  and  through  the 
more  rudimentary  development  of  the  individual  tissues,  they  may  like- 
wise be  classed  with  the  embryomata.  With  reference  to  their  lack  of 
any  structural  organization  ai)proaching  that  of  the  human  embryo. 
Wilms  has  designated  thcsi*  formations  as  enihn/oid  inuiorH. 

Since  the  embryoma  contains  <'l(»nicnts  of  all  thrc4»  germ-layers,  in 
])art  in  ord(»rly  arrang(»mcnt,  the  genesis  of  such  a  tumor  nniy  be^  ex- 
plained by  the  assnmpt ion  of  a  drvcfttpmnU  from  ait  oniw.  Honnet  regards 
it  as  ])i'obal)le  that  either  in  the  development  of  a  lertiliz(»d  ovum,  in 
the  early  stag<\s  of  diN'ision,  a  blastoniere  (or  s<neral)  may  be  delaye<l  in 
division  and  lat(»r  give  rise  t:)  an  in<lepen(h'nt  formation  containing  ele- 
ments of  all  germ -layers,  or  that  (Marchand;  a  fiMtilized  polar  body  (tin* 
fertilization  of  the  polar  body  has  been  demonstrated  in  vertebrates) fi nils 
its  way  between  the  blast omeres  of  a  developing  ovum,  and  later  devHdops 
within  the  embryo.  Tln^  first  assnm])tion  secerns  nior<*  probable,  and  tin* 
embryomata  of  the  ovary  may  consecjuently  be  regarch'd  as  nidhnentartf 
Htiioraf  iirin  viafformaiioH.s  (^  1-S),  which  mv  to  hv  pla<*ed  in  the  sjime 
category  with  the  f<etal  inclusions  of  otluM'  organs.  The  fact  that  the 
ovaries  (and  testicles)  foini  the  favorite  seats  of  such  growths  is  probably 
<lepen(lent  ni)on  the  fact  that  the  urog<'iiital  anlage  in  its  earliest  st^ig** 
forms  nOatively  such  a  larg<»  ])art  of  the  embryonal  anlage  (Honnet),  or 
that  th<^  blastom(M('s,  fi'om  which  the  sexual  glands  later  arise,  mon» 
easily  than  others  tak<*  on  an  especial  (levelo])nieiit,  that  may  lead  to 
the  formation  of  a  rndimentaiy  twin. 

The  teratomata  of  the  testicle  occur  most  freciuently  in  forms  which 
acconling  to  tluMr  slrnctun^  ai(»  designated  as  ((druorj/sfoma,  chondrih- 
a(lf*}}om((y  cho)Hh'<Ksarroni(i,  adfnoinfiO'SaraniKt,  ('}/st<hs(n'r(n)Hiy  rfiHtocareinoma, 
<»tc.      In   SOUK*  cases  the   formation   (►!*    cysts  with    \\\\\i\  cont4M)ts  forms 
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tUa*  most  Mrikin^  feiitiire  of  the  tnmor  (Fig.  32i\);  in  otbtT  enses 
vyntA  are  found  ouly  iu  certain  parts  of  tlie  growth;  and,  fiimlly,  iu 
still  other  easen  the  tumor  may  be  solid  Ihroiigfhoiit,  These  growths 
may  reach  the  Hize  of  a  child's  head.  They  may  be  congenital,  but  de- 
velop more  frequently  in  adnlt  life,  and  then  ^^row  rapidly. 

The  lining  of  theeystK  is,  a*s  a  rnle.  of  entodermal  chanieter,  but  may 
vary  in  one  and  the  stime  cyst  (Fig.  3G1K).  Simple  cnbieal  (Fig*  369,  b) 
and  cylimlrical  epithelium  either  with  or  without  eilia,  fis  well  as  strati^ 
fied  ciliated  ei»ithelinm  (d)  and  pigmented  epithelium  (e),  may  l>e  fivund. 

EctcKlernuil  (issue  is  present  only  iu  scanty  amount,  and  is  limited  to 
pigmented  epithelium  or  to  S4rattered  gronps  of  eellfi  showing  cornifi<^* 
tiou;  or  it  may  be  entirely  absent,  or,  at  all  events,  cannot  be  demon  - 


•^/>3 


%d 


(/f^^ 


Fm,  300.— Oon|i«iiXial  tdetiocrstoiiui  (temlomii)  of  tbe  testloT^  wlili  piiniiecitJitlna  und  formaUoD  of  rar- 

ti\»tsf  (Mflller^B  fluid,  biemakixyllnh    o,  C<>nnt-<:^tlT«-tUBue  «tromA :  K  simple  eublml  «pltli«Hum  ;  c,  »tnti- 

Ottl  rvKnilHfiil  f^plibelium ;  tf.  atrallQed  illlai«d  cyUndrliiia  epithelium:  f.  plfrmfloted  epltbeLlum  ItnlOR 

I  friaod  tii^>n1^ ;  f,  pii^iih^ni^  (xmtifH'Uvti  tta»u«  i^ells ;  0,  cartilage  In  i^oonectlrifi  Ussue ;  K  cattUige  lytog  In  a 

irhirn1-tijr»uJ*i.  '  (S»vUoD  tiik<?n  from  uimor  picturvct  In  Fig.  336.1     :<  100. 

strat^sd  io  tbe  case  of  tumors  of  large  size.     Besides  the  cysts,  mucous 

glands  may  also  he  found. 

Of  the  eoonective-tiHsue  subst-ance^s,  fibrous  tissue^  myxoraatoua  tis* 

sue,  cartilage  (Fig*  36J>,  g,  h),  and  occasionally  also  inusc*!©  (Fig.  370,  a), 
f  fat  tissne,  and  more  mrely  bone,  are  pi^sent. 
1.      According  to  investigations  by  Schlagenhaufer,  Wlassow,  Risel,  and 

others,  the  tenitoniata  of  the  testicle  may  alsi>  contain  tissue- formations 

corresponding  in  their  structure  to  tbe  malignant   chorio-epitbeliomata, 

characterized  in  particular  by  syncytial  formations. 
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T«*ratomata  of  the  charaotrr  of  dermoids,  containing,  as  in  the  ra 
of  the  ovarian  dermoids,  mwh  strnrturos  its  skin,  brain  tissue,  cranial 
and  tnu*heal  tissnc^n,  and  nn^re  rarely  tf^^th  and  structures  resembling 
the  eyes,  are  of  nire  oocnrrence  in  the  testicles,  but  are  found  both  in 
children  and  in  adults. 

To  wliat  extent  the  different  teratoniata  of  the  testicles  are  to  l^e 
classed  with  the  embryoniata,  or  to  what  es^teut  they  can  be  explained 
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Frn.  3T0,^Tfenitoma  fadeuomyowiromtt)  of  the  tpstlcle  (fonn«Itii.  liwmMoxTim,  eoitn).    a,  C-etlular  t 
with  bands  uf  miist'le;  li,  ghiutMuliiule.    >:  100. 


by  the  assumption  of  tiasue-implanations  at  later  stages  of  embryonal 

development,  cannot  at  present  l>e  determined.  When  elements  of  all 
the  germ -layers  are  present  in  the  tumor,  the  assumption  is  justilied  that 
the  growth  l>elongs  to  the  embryonmta  or  embryoid  tumor's,  and  bjis 
arisen  in  the  same  manner  as  has  been  assumed  in  the  case  of  the  ovarian 
dermoids.  The  occnri-ence  of  syncytial  formations  speaks  in  favor  of 
this  asvsnmpt  ion.  The  presence  of  si  ii^cle  tissue- format  ions — as,  for  ex- 
ample, of  cartiliige  or  td'  muscle— in  tumnr-ft^rmalions  of  a  more  simple 
character,  may  be  explained  hy  the  assumption  that  such  tissnes  find 
their  way  into  the  aulage  of  the  testicle  during  the  period  of  embryonal 
development. 

The  proliferations  of  chorio-epithelial  rhararter  found  within  tetfttomata  of  the 
testicles  ore  believed  hy  Schlagcnhavfer  to  depotid  upon  the  development  of  fcet&l 
tnemlirflnes,  and  he  ref^nrds  the  myxomatous  tissue  present  in  such  tumors  a«  repre- 
sen  ting  the  chorionic  stroma.  Aceordinp  to  ,\farchanff  iitid  Risd,  they  are  to  be  re^pnrded 
only  as  product,*?  of  the  foetal  ectmlenn  having  the  siime  histogenetic  si^ificance  as  the 
other  ectodermal  structures  of  the  teratoma.  It  is  yet  to  be  determined  to  what 
extent  corresponding  ectodermal  formations  occur  m  teratoniata  of  other  ontatii. 
Pick  found  them  in  a  teratoma  of  the  ovary  in  a  nme-year-old  ^irh  Ftirther,  it  Ls  lobe 
Doted  that  syncytial  formations  occur  in  tumors  (anf^iosarooma»  emiothelioraa)  having 
nothinjr  to  do  with  foetal  ectoderm.  It  cannot^  therefore,  be  rej^arded  as  positively 
determined  that  the  ajmeytial  formations  in  teratoniata  of  the  testis  actually  corre- 
Bpoud  to  a  chorio-epithelioma,  TI7fi,i«ww  believes  that  the  chorio-^pitheliomatous  pro- 
liferations observea  by  him  in  tumors  of  the  testis,  and  defltgnated  by  him  &scpithtlioma 
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syncytiofnaiodeSy  are  to  be  regarded  as  derivatives  of  incompletely  developed  epithelium 
of  embryonal  gland  tubules. 
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§128.  Teratoid  cysts  of  a  complicated  structure  and  solid  tera- 
tomata  are  found,  outside  of  the  sexual  glands,  in  the  same  regions  as 
the  simple  teratoid  cysts,  but  show  a  particular  predilection  for  the  region 
of  the  coccyx.  The  complex  character  of  the  cygts  is  shown  by  the  pi-es- 
ence  in  the  cyst-wall  of  cartilage,  bone,  fat  tissue,  mucous  glands,  smooth 
and  striped  muscle  fibres,  nerve-tissue,  and  tissue  of  a  sarcomatous  or 
carcinomatous  nature.  Dermoid  cysts  may  also  contain  teeth,  and  further 
also  ciliated  epithelial  cysts.  The  solid  teratomata  occur,  in  the  first 
place,  as  hairy  polypi  (nose,  throat,  and  mouth) — that  is,  a»  polypoid  tu- 
mors covered  with  hairy  skin,  and  consisting  essentially  of  adipose 
tissue,  which  may  also  contain  muscle  fibres,  cartilage,  bones,  teeth,  and 
cysts.  Another  group  consists  of  those  kidney-tumors  which,  in  addition 
to  tubular  glands,  inclose  sarcomatous  tissue,  cartilage,  fibrous  tissue, 
adipose  tissue,  and  muscle  tissue,  in  rare  cases  also  ectodermal  tissues. 
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lu  the  voffifM  and  eef-vix  vteri  of  children  tliere  occur  tumors,  for  the 
greater  part  of  a  racemose  character,  which,  iu  addition  to  connective 
tissue,  myxomatous  tissue,  round  aud  spindle-celled  tissue,  also  contain 
smooth  and  striped  muscle-fibres,  and  in  rare  cases  also  cartilage.  Fi- 
nally, there  occur  tumor-like  growths  of  a  very  complicated  structure  in 
the  cranium,  thorax,  abdomen,  urinaty  bladder,  neck,  lower  jaw,  and  espe- 
cially in  the  region  of  the  coccyx.  They  contain  the  most  varied  forms  of 
tissue:  connective  tissue,  adipose  tissue,  cartilage,  bone,  gland  tissue, 
muscle,  nerve  and  brain  substanc*e«  a.s  well  ius  ectodermal  and  entodermal 
cysts.  They  may  further  inclose  rudimentary,  or  completely  formed,  or 
at  least  easily  recognizable,  portions  of  the  body. 

Both  the  complex  teratoid  cysts  and  the  solid  teratomata  are  in 
many  ensues  to  be  regarded  as  local  disturbances  of  development  char- 
acterized by  a  misplacement  of  tissue  or  a  separation  of  tissues  by 
constriction  within  a  single  individual  (monogerminal  tifume-impUmUi' 
lion,  autochthonous  teratonui).  The  hairy  polypi  of  the  throat,  tlie  cystic  or 
solid  teratomata  at  the  base  of  the  skull  or  in  the  hypophysis  may  be  ex- 
plained by  the  assumption  of  a  misplacement  of  ectodermal  tissue.  The 
presence  of  cartilage  and  mucous  glands  in  teratoid  cysts  of  the  medias- 
tinum may  be  explained  by  the  proximity  of  the  trachea.  Tlie  teratoid 
mixed  tumors  of  the  kidney  may  be  explained  by  the  assumption  that  in 
the  kidney  region,  in  addition  to  kidney -tubules  aud  remains  of  the 
Wolffian  body,  products  of  the  mesenchyma  arising  from  the  myotome 
may  undergo  proliferation.  The  occurrence  of  squamous-celled  forma- 
tions in  such  tumors  must  depend  upon  the  fa(;t  that  ectodermal  tissue 
has  found  its  way  into  the  kidney  anlage.  The  presence  of  striped 
muscle-fibres  of  cartilage  iu  tumors  of  the  vjigina  and  uterus  is  explaina- 
ble by  the  assumption  of  an  implantation  of  myotome  or  of  anlage  of  the 
vertebrffi  (sclerotome) ;  but  many  writers  hold  the  opinion  that  striped 
muscle  may  be  formed  from  unstriped.  Wilms  believes  that  the  Wolffian 
duct  and  it«  development  give  occlusion  to  and  ai-e  the  cause  of  the  im- 
plantations into  the  cervix  and  vagina.  In  the  case  of  the  teratomata  of 
the  coccygeal  region  tlie  manifold  character  of  these  growths  may  be  ex- 
plained by  the  fact  that  portions  of  the  terminal  vertebrjc,  of  the  i)elvi8, 
and  of  muscular  tissue,  as  well  as  remains  of  the  neuroeuteric  canal, 
the  hind  gilt,  and  the  medullary  canal,  take  part  in  the  formation  of  the 
tumor,  fii  the  intracranial  teratomata,  ius  well  as  in  the  simple  dermoids, 
tissue  implantations  probably  form  the  basis  for  the  growth.  Moreover, 
there  exists  indeed  the  possibility  of  another  mode  of  origin  for  these 
growths— namely,  the  presence  of  a  rudimentary  twin,  a  btgertninalim- 
plaiUatloiu  Such  an  assumption  is  well  founded  in  all  those  cases  in 
which  the  teratoma  contains  fully  developed  or  rudimentarj' parts  of  the 
body,  or  tissue- formations  which  cannot  be  explaincHi  by  the  assumption 
of  a  misplacement  of  the  tissue  elements  of  a  single  fcetus  at  the  spot  in 
question.  Ekehorn  regards  the  complex  dermoids  of  the  mediastiiun, 
which  contain  skin,  cartilage,  bone,  and  the  constituents  of  mucous  mem^ 
branes,  as  bigerminal  implantations.  Ijcxer  emphasizes  such  a  mode 
of  origin  for  the  teratoid  mixed  tumors  of  the  abdominal  cavity  (see  §§ 
127,  l;;i,  and  147). 
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CHAPTER  IX. 

Disturbances  of  Development  and  the  Resulting^ 
Malformations. 

I.  General  Considerations  Re^ardin^  Disturbances  of   Development 
and  the  Origin  of  rialformations. 

i^  129.  After  the  (M)])uliition  of  the  sexual  nuclei  has  taken  place,  the 
development  of  the  (Mnl)ryo  proceeds  by  a  progressive  division  of  nuclei 
and  cells,  associated  with  which  thei*e  arise  in  an  orderly  manner  especial 
groupings  of  cell -complexes  and  differentiation  of  the  saine  into  especial 
tissues  and  organs.  The  multiplication  of  the  c^lls,  as  well  as  the  devel- 
opment of  individual  cell-groups  into  especial  organs  and  parts  of  the 
body,  depends  upon  intrinsic  causes,  and  is  controlled  by  the  character- 
istic's which  the  embryo  has  received  through  the  transfer  of  the  inherit- 
able paternal  or  maternal  characteristic's  at  the  moment  of  the  union  of 
the  s(»xual  nuclei,  which  are  to  be  regarded  as  the  trarriers  of  inheritable 
^lijiracteristics.  It  follows,  therefore,  that  the  characteristics  of  the 
species  as  well  lus  the  (^special  i)eculiarities  of  the  given  individual  are  in 
general  alrejuly  predetermined  in  the  germ,  and  the  development  of  the 
embryo  proceeds  ess^Mitially  under  the  control  of  innate  moulding  forces. 
Nevert heh»ss,  this  development  is  not  accomplished  without  the  influence 
of  environment,  in  that  the  embryo  of  necessity  receives  its  nourishment 
from  the  maternal  organism,  and  at  the  same  time  is  exposed  to  nuH*ham- 
cal  inlluences  on  the  part  of  its  membranes  and  of  the  uterus.  These 
influences  may  ther(»fore  operate  to  modify  the  development  of  the  foetus. 

In  every  spe<*ies  of  animal,  man  included,  both  the  bodily  form  and 
the  configuration  of  the  organs  present  a  purtiviilar  tifpey  which  experience 
has  shown  constantly  to  rrcnr,  and  which  is  therefore  looked  ui>on  as 
normal.  U  more  or  less  mark(»(l  departures  from  this  type  occur,  which 
can  be  referr<Hl  to  a  more  or  l(\ss  marked  abnormal  course  of  the  intra- 
ut<Mine  (levelo|)nHMit,  the  condition  is  designated  as  a  congenital  mal- 
formation. W'lien  tli(»  departure  from  the  nornml  structure  is  very 
marked,  so  tliat  the  airecled  individual  is  grossly  malformed,  it  is  spoken 
of  as  a  monster. 

According  to  common  usage,  the  term  malformation  is  usually  ap- 
plied only  to  an<mialies  in  flu*  form  of  tlie  body  as  a  whole,  or  to  single 
parts  of  it  which  pn^s^Mit  to  external  inspection  rather  striking  departures 
from  the  normal.  It  is  nevertheless  entirely  correct  to  use  this  term  for 
pathological  conditions  of  intrauterine  origin,  which  consist  not  so  much 
in  an  abnormal  c!iang(»  in  form,  but  ratlier  in  an  incomplete  or  faulty 
oi'ganization  of  the  affectcHl  part  or  organ. 

A  malformation  att'ecting  a  single  individual  is  known  as  a  single 
malformation  oi-  single  monster;  iww  nuuh^  up  from  two  individuals  is 
tenned  a  double  malformation  or  double  monster. 

Malformntionn  maij  owe  thrir  <)rif/in  lit  rithrr  infrhmc  or  extrinsic  causes, 
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A8  Intrinsic  causes  may  be  eooHjiterrd  ull  siieh  as  already  exist  in 
the  geriiip  so  tlial  hi  Uk^  dmelopnunit  of  I  lie  embryo  malfi>niiatioiis  may 
arise  spoiilaiieoiisly  without  the  aid  td'  extiiusie  iiidiieiires.  When  jsiieh 
a  malformation  oeeiii's  for  the  lirst  time  iu  a  family,  it  imist  be  I'e^arded 
jis  II  primftrif  f/frm-rttnathtK  This  may  he  explained  in  tnie  of  t%vo  ways: 
eitlirr  uae  or  both  of  the  s«*xuai  mielei  ei»teriii|i:  intt»  iird(»a  may  have 
bi*on  abaormal,  t»r  bt»th  may  have  Imh^ii  iirniiial,  hut  from  theii*  iiiiioii  u 
vai iety  [las  ari^st'ii  whieh  from  oae  point  of  view  is  to  be  regarded  as 
pathologieal  (ef-  g  17), 
H  is  also  i)ossible  that 
dislnrhanees  in  the  pn>e' 
esM*s  of  ftTtilizati^iu  eaii 
^ive  rist^  to  |)athoIog:ieal 
variations. 

If  a  si  ad  tar  j  naS  for- 
mat i<  in  has  already  ive- 
earned  in  tht*  parrnl,  thr 
i-aM*  may  be  le^iirtled  as 
1 1 H  e  o  f  in  hi'  riUt  tt  rt  \  J  f  t  lie 
malfornuition  apprariajij 
is  a  poruharily  wluHi 
was  not  ]vrrsi*nt  in  the 
jjareats,  hut  did  show 
itself  in  nmre  remote* 
aot'<*stin-s,  '  whik*  want- 
in;C  11*  th<'  iut«-!"m<-<hate 
links,  the  pheuomenon 
is  divsij^imted  iisatannm. 

As  priiuary  germ- 
variatioas  apiM»ar  the 
s  a  m  e  malformations 
whieli  an*  also  ialit^rit- 
;ihh* — I  hat  is,  only  (liose 
ma  1  forma  I  ions  are  ia- 
heritahli^  w  !i  i  r  h  ori^i 
ally  appeared  as  primary 
^erm  -  varialiuas,  Tt> 
MU'li  inlieritafile  ma  1  for 
malioas  LH*loii|^r  the  ia- 
eivas*^  in  tin*  nnmlM^r  of 

tlu*  tinkers  iind  tors  (polydaetylism),  maffurmalions  uf  ihe  hands  and 
fret,  abnonn-d  haiiiness,  harelip,  antl  <MTrain  [»athtjlotjii"al  eonditinnsof 
the  itervons  systrni,  as.  for  exarnjd**,  mnltiplt*  tiln'taaula  of  tln^  periplienil 
nerves. 

ITnder  extrinsic  causes  of  malfonaalions  ar^^  fo  in'  roasidered  es|)e- 
eially  eonrumuttt,  premurt\  diMttrhunet'A  in  tht'  mippltf  (»/  (uyf/nt  and  mmnHh- 
mf'td,  and  injWfionjt, 

Concussions  *d'  the  utenis  may  ia  all  pri^balnlily  din-elly  damage  tlie 
♦MidHTiJ  at  a  very  early  stage.  At  a  iatia^  sta;;i*or  di*\eh*pment  theliarm- 
fill  rtfeets  i»f  trauma  are  probably  iuium'  oftt^a  to  be  sough*  h*  a  tearing 
hni.M'  of  tin*  t»gg  and  in  ttecndual  liannorrhag«*s,  win  reliy  thr  nonrishm**nt 
of  Hm'  end>ryo  rs  distnrheih  It  is  evidrnt  that  haemorrhages  from  other 
causes,  also  changes  in  and  contaminatiiais  of  tln^  laabTual  hhnid,  as 
iu  infections,  and,  fnrther,  pathologiea!  couditious  of  tlie  uterus  itself. 


Fro.  il71.-3ii4lfonimtU>n  or  tht^  Iwiwt  due  umdheslonst  of  ihe  miMn* 
*>ninm  to  Uie  frtmia*  rvtflnii  'flrni  iwlhen^nw  of  jiUu-huiu  u*  lUvniHu 
M,  M(.'nil>mij«ius  f«u^  turimMliiir  n  viuM-iitttr,  st[nitiifv  tissue  »'<>iit<uiiiliiK 

wiai  iniinuis  m»'«ihnim»;  c.  lefj,  »|,  rttflil  iilu  umsI;  /.  coiuu*«tlvi*- 
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may  have  a  harmful  iuHut^iici^  upon  the  developiog  egg;  yet  all  these 
eouditions  prolmbly  l**Hd  iiiort^  often  to  the  death  of  the  feet  us  ami  the 
expulHion  of  the  egg  thiui  In  the  developmeiit  of  a  lual format  ion.  Infec- 
tious dist-ases  of  the  mother  may  Ih^  traiismirted  to  the  ftetns  and  give 
risi*  to  their  eharaeteristie  changes  in  the  ktti'i'.     An  ahnormal  pressure 

from  the  nteriLS  or  its  mem- 
branes  may  be  exerted  uptm 
the  euibryo,  especially  when 
there  is  a  detieieut  amount  of 
amniotie  ttnid ;  and  nialforiua- 
tioos  of  the  extremities  (Fig. 
.'^74),  in  partienhir,  not  infre- 
rpiently  show  evideneeK  of  press* 
iirt*  having  lieen  exerted, 

Froni  tile  anatomical  findings 
in  many  malformations  it  ap- 
peal's that  pathological  condi* 
lions  of  the  amnjon  may  exert 
a  damaging  inlhienee  upon  the 
embryo  and  give  rise  to  diffennit 
forms  of  malforniiitions. 

This  may  be  }>r ought  aliont 
through  {ihiiormfrl  affheHt'om  be- 
twtTn  the  anhnfo  and  tiie  amttion, 
as  well  as  by  premnre  of  the  mn- 
nkm.  upon  the  rmhri/fmal  anhiffe. 
Even  at  the  birth  «>f  the  ehihl 
adhesions  in  the  form  of  batifls 
and  threads  (Figs.  371,/;  373) 
may  not  infrequently  be  dem- 
onstrated, and  their  <*anneetioii 
with  the  nmlforined  parts  Is 
sueh  as  to  lea\'e  no  doubt  that  they  stand  in  a  causal  relation  to  the 
malforniathm.  8uch  a(nK\'^ions  may  give  lise  to  severe  malformations 
of  the  cerebi'al  (Fig  371)  or  of  the  facial  (Fig,  372)  portions  of  the 
head.  Not  itd^reiiueiitly  i>ortion8  of  the  extremities  ait*  snait*d  otf  by 
amniotic  bands  (Fig.  373),  and  may  Ix^  comph^tely  amputated  and  then 
absoi'lR^d. 

To  what  extent  these  adhesions  of  the  amnion  with  the  fcetim  are  to 
l)e  leferreil  to  piimnry  adhei-^^nee  and  intc*rgrowth,  and  to  what  extent 
to  indamnmtory  processes  of  biter  oceurreaee,  is  yet  a  disunited  question. 
Not  infretiuently  the  ailhesions  at  birtli  are  no  b>nger  visible  and  the 
aifected  part  presents  only  a  sear- like  appeanince  (Fig,  37-'). 

According  to  Daivste  and  (Tcoffroy  St.llilaiit^  an  abnormal  tightness 
of  the  amnion  may  easily  exert  a  harmful  inliuenee  upon  the  euiliryo. 
An  abnormal  eh>seneas  of  tlie  cephalic  cap  of  the  amnion  may  cause  the 
mal formations  known  asaneneephalia,  exencephalia,  eyelopia,  and  rebo- 
cephalia  or  arrhiiieephalia  (S  134);  while  an  abnormal  tighlness  of 
the  caudal  <^ap  may  give  rise  tu  sireuouK^Iia  (§  13S).  Farther,  the  cleft 
malforniatiims  of  tiie  anterior  abdominal  and  thoracic  wails  (|  13*i)  are 
alsi*  associated  with  a  faulty  devt4oinnent  of  the  amnion;  still  the  hitter 
condition  is  often  not  so  much  the  cause  as  it  is  a  enncomitaut  of  the 
malfornuition,  which  may  l>e  the  result  of  a  varit^ty  ^^f  caust*s,  and,  iu- 
deed,  is  often  to  be  ix*garded  as  a  si*ontaneous  or  litrinuiry  malformatiou, 


Fta.  3T:j.— Malforniallon  of  Ibe  fac<4,  eauMMl  by  aninl- 
otlo  adtifvion  and  pr^jwiire,  AMyitiiin^try  of  the  ttuc^.  fi» 
MHlfnrini^  mm'- 1  h^  /^,,  nifllm**nUirj  llrt<'lf»ft«i ;  f.  fi, 
clHltH  In  the  u t>iM*r  Up  iinrt  ulveolar  |jrocejs»  of  the  upper 
]iiw;  (t  Intennaxtllary  tnmv  with  proniliifm  Up;  t, 
»hUtnw  ttwial  UnBtmm  rktiMHl  by  scmr  ilikiUH  ao  a£  U>  rortu 
a  j?rrmve. 
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The  period  at  which  the  injurious  influence  is  active  varies  greatly, 
and  consequently  so  does  the  extent  of  the  damage  done  by  it.  The 
earlier  the  damage  occurs,  the  greater  the  extent  of  the  injury.  Mal- 
formations in  the  narrower  sense  of  the  term  arise  chiefly  during  the  first 
three  months,  during  the  period  when  the  body  and  its  individual  parts 
are  developing  their  proper  forms.  Damage  to  the  foetus  at  a  later 
period  occasions  changes  tchich  are  more  closely  allied  to  those  acquired  after 
birth. 

Some  malfonnations  are  typical — that  is,  they  always  appear  in  the 
same  form ;  while  others  again  are  wholly  atypical,  so  that  the  most 
astonishing  anomalies  of  form  may  arise.  The  latter  are  for  the  greater 
part  the  result  of  extrinsic  harmful  influences  operating  secondarily, 
while  the  former  may  be  regarded  as  owing  their  origin  chiefly  to  in- 
trinsic causes,  although  external  influences  may  also  cause  typical  mal- 
formations. 

Geoff r<>y  St.IIilaire  ("Hist  gen.  et  partic.  des  anomalies  de  I'organization  chez 
rhomme  et  les  auimaux,"  Paris,  1832-87)  discards  entirely  the  teacliing  of  a  primary 
abnormality  of  the  germ  {Holler  and  Winslow),  and  attributes  arrests  of  development 
purely  to  mechanical  influences.  Panum  (**  Untersuch.  Qber  die  Entstehung  der  Miss- 
bildungen,"  Berlin,  1860)  agrees  with  him  on  the  whole,  although  he  admits  the  possi- 
bility of  a  primary  abnormality.  lie  produced  malformations  in  hens*  eggs  by  means 
of  temperature  variations  and  by  varnishing  the  shells.     Dareste  ('*  Recherches  sur  la 


Fig.  373.  Fio.  374. 

Fio.  373. -Hand  stunted  by  amniotic  adhesions;  rin^-flnger  snared  off ;  middle  and  Index  Onipersfrmwn 
together  and  distorted.    Reduced  one-sixth. 

Fio.  374.— Hand  stunted  and  deformed  by  pressure ;  thumb  absent ;  hand  flattened ;  great  bending 
and  shortening  of  the  forearm.    Reduced  one-flfth. 

production  artificielle  des  monstruosites,'*  Paris.  1877)  made  similar  experiments  and 
produced  malfonnations  due  to  arrested  development  by  keeping  the  eggs  in  a  vertical 
position,  by  varnishing  the  .shells,  by  raising  the  temperature  above  45'  C.,  and  also  by 
irregular  warming  of  the  eg^s. 

Very  recently  L.  Gerlach,  Fol,  Wttri/mfkf/,  Richter,  Roux,  and  Schultze  have  in  par- 
ticular carried  on  experiments  in  this  line,  and  have  attempted,  with  partial  success,  to 
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produce  malformations  in  chicken-embryos  through  the  localized  influence  of  ndiut 
heat,  variations  of  tcrmperature,  vaniisliing  tlie  eggs,  clianges  of  position,  injuries, 
removal  of  a  portion  of  the  white  of  the  egg.  and  by  agitation.  Rohjp^  experimenting 
on  frogs'  eggs,  found  tliat.  after  destruction  of  one  of  the  first  segmeDtatioo-spheRt, 
the  other  continued  to  develop  und  formed  the  half  of  an  embryo,  thus  demoDstiating 
that  each  of  the  first  two  Ri*gnientation -cells,  corresponding  in  their  position  to  the  right 
and  left  body-halves,  contains  witliin  itself  the  aniage  material  for  the  corresponding 
half  of  the  body.  But  since  the  btnly-lialf  which  is  wanting  may  later  be  replaced  bv 
subsequent  <levelopment  from  the  und'estroyed  lialf,  and  a  whole  structure  be  produced, 
each  lialf  must  also  ]M>sses8  the  power  of  producing  also  the  oUier  lialf.  According  to 
investigations  by  llerlitzka,  hrietfch,  Morgan,  Wt'lmit,  and  others,  the  first  two  or  even 
the  first  four  segnieutatiun -cells  in  tritcms.  teleosts,  ascidians,  and  echinoderms  posaeai 
the  power  of  forming  an  entire  embryo. 

SchuUze  experimented  on  the  eggs  of  amphibia;  these  normally  always  assume 
such  a  position  that  the  darkly  pigmented  protoplasmic  substance  of  lighter  specific 
gravity  lies  above,  the  hwivier  clear  protoplasm  rich  in  volk  granules  lies  below.  By 
placing  the  eggs  in  an  abnormal  position  and  preveutfng  their  return  to  the  nomui 
positi<m  malformations  may  l)c  pro(luc(*<l.  the  degrees  of  malformation  standing  in  direct 
relation  to  the  size  of  the  angle  formed  by  the  lino  of  gravity  and  the  abnormally- 
placed  axis  of  the  egg.  By  turning  the  egg  through  an  angle  of  ISO**  in  the  two-cell 
stage  a  double  monster  is  regularly  pHxluced.  The  same  turning  in  the  eight-cell 
stage  causes  a  complete  cessation  of  development.  These  disturltances  arise  from  dis- 
placements consequent  upon  the  sinking  of  the  heavier  and  a  rising  of  the  lighter  con- 
stituents of  the  egg. 

According  t«)  inve.«itigations  by  O.  Ihrttrif/,  the  eggs  of  axolotl,  when  kept  in  a  0.7- 
per-cent.  solution  of  sodium  chloride,  undergo  a. pathological  development,  which  it 
rcuifined  to  the  centml  nervous  system  in  the  n*gion  of  the  head  and  trunk.  If  frogs* 
<'gi:sjire  left  before  lerlili/ation  "for  one  to  four  days  in  the  uterus  (»f  the  dead  female 
and  are  then  ferlilize<l,  there  are  formed,  besides  normal  embryos,  •various  inal  format  inns 
due  to  defective  development,  for  example,  spina  bifida 

Hecent  studies  have  shown  that  monsters  and  malformatifms  may  be  producfnl  by 
Roentgen  irm<liati<m  of  fertilized  ova  or  of  either  ova  or  s]K'rmatozoa  liefon*  fertilizs- 
tion.  Vf /7///r/ /Mind /*/^?y>r  found  that  the  eggs  of  amblyst«)ma  developed  abnormally 
under  Roentgen  irnuliation.  the  emhryos  showing  no  mouths.  Chicks  deveh»ped  in 
<'xpose<l  eggs  presented  malformations  of  the  occipital  n>gi(m  and  extremities  and  in 
the  <iistribution  of  the  feathers.  Ihtnhrti  found  that  in  frogs  injury  to  the  spermato/<vi 
l»y  Roentiren  rays  caiised  the  development  ol  monsters  fn)m  eggs  fertilized  by  surli 
tliinjageil  spermatozoa. 
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§  130.  Single  malformations  may  be  conveniently  divided  into  five 
groups,  according  to  the  kind  of  change  which  characterizes  them. 

As  arrests  of  development  or  monsters  due  to  defective  develop- 
ment (monstra  per  defectum)  may  be  classed  in  the  first  place  all  those 
malformations  in  which  the  whole  or  a  part  of  the  body  is  abnormally 
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small  and  imx)erfectly  developed  (hypoplaMa),  and  also  those  malfoniM- 
tioiis  eluiraeterizcHl  by  the  complete  absence  or  very  great  stunting 
((igf'iif'Hia  or  aplania)  of  individual  organs  or  parts  of  the  body. 

If,  in  the  case  of  parts  or  organs  of  the  body  which  are  normally 
formed  by  the  union  of  anlage  which  ai-e  originally  separated,  such 
union  should  fail  to  take  place  as  the  result  of  a  primary  or  secondan' 
disturbance  of  growth,  the  arrest  of  development  may  show  itself  in  the 
form  ui  clf*ftH  ami  ndupiications.  Thus,  for  example,  imperfect  develop- 
ment of  the  plates  forming  the  anterior  body-wall  gives  rise  to  clefts  iu 
the  median  line  of  the  thorax  and  abdomen;  a  failure  of  union  of  the 
maxillary  processi»s  ot*  the  fii-st  branchial  arch  with  each  other  or  with 
the  nasiil  pniL^ess  of  the  frontal  bone  gives  rise  to  clefts  in  the  face. 
DciVctive  union  of  the  bilateral  portions  of  the  femalcf  genital  tract 
results  in  a  more  or  less  extensive  reduplication  of  the  uterus  or  vagina. 

When  the  anlage  of  two  organs  lie  near  to  each  other,  these  may 
under  liTtain  conditions  bt'come  united  so  as  to  produce  a  coaie^cenee  or 
ad/ff'ftion  betwcHMi  two  organs  or  parts  which  sliould  normally  be  sepa- 
rated. For  example,  the  kidneys  at  tinu;s  may  be  more  or  leas  united, 
and  tli4»  <»yes  may  \x*  more  or  less  completely  mei-ged  into  a  single  organ. 

rialformations  due  to  excessive  growth  (monstra  per  excessum) 
are  chanu'lerized  in  i)art  by  abnormal  nize  iy(  individual  parts,  and  in  part 
by  an  innraMr  in  number  oi*  the  same.  For  example,  an  extremity  or  a 
portion  of  one,  as  a  finger,  may  reach  an  abnonnal  size  (partial  giant 
(fVinHh),  or  the  whole  body  may  be  involved  in  the  abnormal  growth 
(f/rnrral  giant  (jrowth).  An  incn^ase  in  number  occurs  particularly  in  the 
case  of  the  mammary  ghmd,  sple<^n,  adi*enals,  and  fingers.  Additional 
glandular  organs  are  designated  acceastnif  or  mipernunicrary  orgawi. 

As  malformations  due  to  an  abnormal  disposition  of  organs  (mon- 
stra per  fabricam  alienam)  an»  designated  by  Forster  certain  anomalies 
of  tin*  internal  organs  of  Ww  thorax  and  abdomen,  which  are  character- 
ized by  an  abnonnal  position  of  Wm"  organs,  and  in  part  also  by  changes 
in  the  relation  of  individnal  parts  to  each  other.  In  this  chiss  l^elougs 
the  eondition  known  iU*  aituH  iranHnrmH — that  is,  the  transposition  of  the 
thoracic  or  abdominal  organs,  or  of  both.  Further,  various  dvfefis  in 
thr  heart  and  great  res-srls  may  also  be  class^nl  here,  though  it  should  be 
not<Ml  that  thes(»  an*  more  i)roperly  regardcMl  as  arrestn  of  development. 

A  fourth  gronp  of  nial format  ions  includes  those  characterized  by 
displacement  of  tissues  and  by  the  persistence  of  fcetal  formations,  as 
already  mentioned  in  gg  12()  and  128. 

Finally,  as  a  lifth  gronp  may  Im»  elass<Hl  those  malformations  ex- 
hibiting a  mixture  of  the  sexual  characteristics,  known  as  true  and 
fatsf  hermaphroditism.  True  hermaphrodites  possess  both  male  and  female 
sexual  glands;  fals**  hermaphrodites  are  unisexual,  but  the  I'emainder 
of  the  s<.»xnal  apparatus  does  not  correspond  to  the  sexual  gland,  or  then* 
is  a  simultaneous  formation  of  organs  belonging  to  both  the  nuile  and 
fenial<\  A  part  of  tlu^se  malformations  are  arrests  of  development: 
others  ar(*  to  b(»  regarde<l  as  eases  in  wliieli  from  the  original  bisexual 
anlage  the  organs  of  l)otli  s(»\es  have  (levelojx^d,  whereas  normally  the 
anlage  of  one  s<».\  undergo  a  retrograde  eha ug(»  instead  of  developing, 
and  persist  only  in  a  rudimentary  form. 

S^  l;^l.  Double  monsters  (monstra  duplicia)  are  malformations  con- 
sisting of  two  individuals;  if  both  twins  are  developed  (ftgnimetrical 
//////.n)  they  are  always  of  the  sjime  sex  and  are  united  to  each  other  in 
the  same  portions  of  the  body;  the  du|)lieat(Ml  ]>ortions  are  usually 
(Miually  developed  (eiiuat),  but  ////rz/z/r^/ foiins  also  occur  iu  which  one  twin 
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is  stunted  iu  its  development.  Aaynimetrical  forms  also  occur  in  which 
one  twin  remains  wholly  rudimentary  and  is  dependent  upon  the  other 
for  its  nutrition  {parasitic  double  monster).  Often  it  is  implanted  in  the 
other  or  included  within  it  (see  §  127). 

All  double  monsters  arise  from  one  egg  and  have  a  common  chorion.  In 
the  formation  of  symmetrical  double  ministers  two  separate  embryonal  an- 
lajre  are  probably  formed  from  one  germinal  vesicle,  and  these  in  their 
growth  blend  with  each  other  to  a  greater  or  less  extent,  but  a  duplica- 
tion or  a  splitting  may  also  occur  within  a  single  anlage,  and  this  process 
occurs  particularly  in  the  anterior  reduplications  which  can  also  be  pro- 
duced exi)erimentally  in  animals.  The  genesis  of  the  rudimentary  asym- 
metrical tirins  occult  chiefly  in  the  manner  described  in  §  127  (Teratomata). 

The  eatises  of  a  duplication  of  the  embryonal  anlage  in  a  single  germinal  vesicle  are  not 
known.  According  to  fol,  double  and  multiple  monsters  arise  through  the  abnormal 
impregnation  of  an  ovum  with  two,  three,  or  more  spermatozoa ;  but  other  observa- 
tions ( /fe/'/O  indicate  tiiat  ova  fertilized  by  two  or  more  spermatozoa  do  not  develop. 
According  to  Marclutud,  the  doubling  of  the  anlage  is  to  be  referred  lo  conditions  exist- 
ing before  tlie  beginning  of  segmentation,  either  to  conditions  within  the  egg  before  fer- 
tilization, or  to  the  fertilization  itself.  Wiedemann  and  Wetzel  hold  the  oi>inion  that  the 
origin  of  double  monsters  dates  from  the  moment  of  impregnation,  and  is  due  to  the 
fertilization  of  ova  containing  two  germinal  vesicles  by  two  spermatozoa. 

Cer/flrA  produced  double  monsters  (anterior  duplication)  from  hens' eggs  by  varnish- 
ing these  before  incubating,  leaving  free  only  a  Y-snaped  spot  in  the  region  of  the  prim- 
iiive  streak.  Inasmuch  as  he  onlv  rarely  succeeded  in  obtaining  such  results,  it  is  pos- 
sible i  hat  tiic8(^' njalformations,  which  not  infrequently  occur  in  chickens,  were  acci- 
(l«*ntal.  Schnlt^e  obtained  double  monsters  by  turning  frogs'  eggs  during  the  two-cell 
stace  through  an  anple  of  180*  (cf.  §  129).  Spemann  was  able  to  produce  double- 
headed  embryos  of  tritons  by  constriction  of  the  embryonal  anlage  before  the  closure 
of  the  medullary  plate  to  *  form  the  medullary  groove ;  also  by  a  median  constric- 
tion in  the  two-celled-  and  blastula-stai^e.  Barn  succeeded  in  unitin?  together 
portions  of  the  larvae  of  amphibia,  not  only  of  the  same  kind,  but  also  of  different 
species,  genera,  and  families  {Bana  escnienta  with  Bombinator  ignetm,  and  with 
Triton),  The  conditions  were  most  favorable  for  union  in  the  case  of  larvae  of  about 
8  mm.  length.  Not  only  the  external  coverings  of  the  body,  but  also  the  anlage  of 
organs  (liver,  intestine,  heart-tube),  were  blended  into  a  united  organ,  the  union  being 
completed  through  specific  tissue  of  the  same  kind.  From  all  these  experiments  the 
conclusion  may  be  drawn  that  double  monsters  may  be  produced  from  a  normal  egg 
through  secondarv  influences,  and  that  neighboring  embryonal  anlage  may  grow  one 
into  the  other.  6n  the  other  hand  lies  the  possibility  that  especial  conditions  within, 
the  egg  before  fertilization  may  be  the  cause  of  the  duplication.  Acconiing  to  Sehultze, 
this  may  possibly  lie  in  the  presence  of  two  nuclei  or  of  two  spindles,  or  in  an  over-ripe 
condition  of  the  egg  with  a  tendency  to  fragmentation  into  two  lialves,  which  divide 
shortly  before  fertilization.  Tlierefore  a  normally  fertilized  ovum  in  the  two-cell 
stage  may  be  brought  through  some  influence  (as  in  the  experiment  of  Schultze)  to  the 
formation  of  two  individuals. 

Literature. 

{Double  Mongers, ) 

Ahlfeld:  Die  Missbildungen  des  Menschen,  Leipzig.  1880.  1882. 

Born:  Furchungen  des  Eies  bei  Doppelbildungen.     Breslauer  ftrztliche  Zeitschr.,  1887; 

Ueber  Doppelbildungen  beim  Frosch.     lb.,  1882;   Ueber  Verwachsungsversuche 

mit  Amphibienlarven,  Leipzig,  1H97,  ref.  Deut.  med.  Woch.,  1808,  8.  1^. 
Daxeste:  Product,  des  monstruosites.     Compt.   rend.  Ac.  des  sc.,  1861,  1863,  1864, 

1865.  1866. 
Debierre:  La  theorie  de  la  monstruosite  double.     Arch,  de  phys.,  ii.,  1890. 
Debierre  et  Dutilleul:  Monstres  doubles  du  genre  synote.     Arch,  de  phys..  ii.,  1890. 
Fol:  liecherchea  sur  la  fecondation,  etc.,  1879. 
Fdrster:  Die  Missbildungen  des  Menschen,  Jena,  1865. 
Oeoffix>y  Saint-Hilaire :  Hist.  gen.   et  partic.   des  anomalies  de  I'organisat.  chez 

I'homme  et  les  animaux,  Paris,  1882-87. 
Gkerlach,  L. :  Uel)er  die  Entstehungaweise  der  vorderen  Verdoppelung.     Deut.  Arch.. 


506  DISTURBANCES    OF    DEVELOPMENT. 

f.  klin.  Med.,  42  Bd. ;  Die  Entsteliuugsweise  der  DoppelniisAbildungen,  Stuttgart, 

1883. 
Oschier:  Tlioracopagus  tetrabradiius  aequalis.     Prac;.  med.  Woeh.,  1892. 
Klaussner:  Mehrfachbildungen  bei  Wirbelthieren,  Mflnchen,  1890. 
Xonnaxin :  Ucber  lebendc  Doppelmissbildungen  der  Neuzeit.     Schmidt's  Jalirb.,  cxliii. 

18«9. 
Lochte.  Ein  Fall  von  Doppelmissbildungen.     Beitr.  v.  Ziegler,  xvi.,  1894. 
Marchand:  Missbildungen.    Eulenburg  s  Realencyklop.,  xv.,  1897. 
Mvachkin:  Zwillingsschwangcrscliaft  u.  angeb.  Missbildungen.     Virch.  Arch.,  108 

Bd.,  1887. 
Panuxn:  Untcrsuchungen  tlber  die  Entstehung  der  Missbildungen,  Berlin,  1860;  Zur 

Kenutniss  d.  pliys.  Bedeutung  d.  Missbilduuj^en.     Virch.  Arch.,  72  Bd.,  1878. 
Baul>er.  Die  Theone  der  excessiven  Monstm.     Virch.  Arch.,  71,  78,  74  Bd.,  1877-78. 
Sch&fer:  Uebereinen  Diccphalus.     Beitr.  v.  Ziegler,  xxvii.,  1900. 
Schultze,  (). :   Ueber  die  Bedeutung  der  Sohwerkraft,  etc.      Verb,  der  phva-nied. 

Gesellsch.,  28  Bd..  1864;  Arch.  f.  Entwickelungsmech.,  i.,  1894;  Entwickelung  d. 

Doppelbildungen.     Cbl.  f.  allg.  Path.,  x.,  1899. 
Sobotta:  Neue  Anschauungen  lU)er  Entsteliung  von  Doppelbildungen,  Wttrzburg, 

urn. 

Spermaxin:  Exper.  Erzeug.  zweikOptiger  Embryonen.  Sitzber.  d.  phy8.-med.  Ges., 
1900:  Eiitwickelungsphysik.  Stud,  an  Tritonen.  A.  f.  Entwic&elungsniech., 
XV.,  1902  u.  xvi  ,•  1908,  u.  Zool.  Jahrb.  vii.,  1904. 

Wetzel:  Drei  abnonu  gebildete  Eier.     Anat.  Anz.,  zviii  ,  1900. 

Wiedemann:  Entstehung  d.  Doppelbildungen.  Virch.  Arch.,  138  Bil.,  1894  (Lit.). 
See  also  §  129. 

II.  The  Different  Forms  of  Malformations  in  Man. 

I.  Arrests  of  Development  in  a  Single  Individual. 
(a)  Arrest  of  the  Development  of  the  Entire  Embryonal  AnJ<ige, 

§  1 32.  A 11  arrest  in  the  development  of  the  entire  embryonal  aniai^ 

manifests  itself  in  two  ways.  If  the  disturbanee  is  very  marked,  a  fur- 
ther development  of  the  embryo  is  impossible,  and  it  either  dies  at  onee 
or  iKH'onies  stunted,  and  after  a  eertain  time  ])erishes.  If  the  disturbance 
is  less  severe  there  develops  a  normally  formed  f(Ktus,  buv  it  remains 
.small  and  stunted — that  is,  a  dwarf  is  formed  (nanosomia  or  micro- 
somia). 

A  dead  foetus  is  in  the  majority  of  eases  expelled  tojj:ether  with  its 
nuMnhranes  (abortion).  In  other  e;iM»s  in  which  the  eml)ryo  for  some 
caus4^  or  other  remains  stationary  in  development,  the  ejj;^  may  remain 
for  we(»ks  or  even  months  in  the  uterus  and  increase  in  size,  so  that  thert* 
aris<\s  a  disproportion  between  the  size  of  the  embryo  and  of  the  ejrjr. 
According!:  to  His,  the  tirst  changes  <i/f('r  death  are  shown  in  a  marki'd 
swellinj^  of  the  central  nervous  orpins,  lea<linjj:  to  chanjces  in  the  con- 
figuration of  the  head.  Later  there  occurs  an  inliltration  of  the  tissues 
with  wandering  cells,  tln^  boundaries  of  the  orpins  In^come  indistinct, 
the  (Mitire  embryo  becomes  cloudy  and  soft,  the  superficial  structure 
indistinct,  and  the  embryo  finally  becomes  completely  dissolved.  Ac- 
cording to  Berlet  and  Kn^^el,  the  wandering  cells  infiltrating  the  tissue 
arise  in  the  embryo  itsc^lf,  and  indeed  from  its  own  bh)od. 

When  a  fo'tus  well  advanced  in  developnuMit  dies  and  remains  withiu 
the  maternal  orpinism  there  may  result  tlu*  formation  of  a  lithopcedion. 
This  occurs  most  fre(|uently  in  the  abnormal  situation  of  the  ovum  known 
as  extrauterine  pre^niancy,  in  which  the  embryo  lies  in  the  peritoneal 
cavity,  in  a  tube,  or  in  an  ovary.  If  the  feet  us  dies  at  such  an  advanced 
staj;eof  dcvelo]>ment  that  it  cannot  be  absorbed,  it  may  be  carried  within 
the  maternal  orpmism  for  years.     Not  infrciiuently  its  form  is  l>erfeetly 
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preserved  (Fi|^^  375),  uuU  tln^  whole  fuetus  becomes  itu'lusiHl  in  a  eoiniee- 
tive- tissue  iiiemhraiie.  In  oihx^r  i'lises  the  fetus,  in  the  ^*oursc^  of  thne^ 
iRH'Oiues  eoiiverted  ioto  it  partially  iluitl  nuiss,  whieli  euiituins  the  oss«^ous 
reiuaius,  its  well  as  t'al,  ehoh*sU*riu,  aud  pigiueul,  and  is  Kurroinide<i  l>y 
a  tihrous  ea|)sule.  Lime-salts  are  usually  dejHisited  holh  iu  the  uewly 
luruied  uieml>raMes  as  well  an  in  the  portions  of  the  ftetus  reuiaiiiiufr. 
and  for  this  reason  the  ftelus  is  knowa  b.s  a  **srone-f'hild  ^^  or  **petrilietl 
chihl." 


I 


i.-^'-^- ■ 


^JL- 


Pifi.  ;)75.— Llih(n>u4hJii.  Mihji  3y  inrim*  .|  in  t  •nm!  ilvi-U>!,ii»'  hh  iiiitraii*->  iivtij'Vt-ii  fnun  iiUaomdml 
mvlty  by  opTailori  t\\o  y^eurs  ufur  Vm^IdiiIuk  «if  j>r*'(raanry>.  Exiniuu-flrn'  pn^irnanry  fuiiMHl  hy  embryo 
breflukJDf;  thniUKti  Uji'  iitcHnc;  jxirtloti  i*(  a  titbu  Into  tbe  abdoiuiDut  cavity.     RiHluiiMi  id  otie-thJiitt. 

I  Aceordinjj;  to  the  eondition  of  the  f(£t us  there  may  l>e  distinguishi*d 
three  eliief  Tonus  of  Htht^i^iediou  (Kiieheniueister ).  In  the  lirst  the 
iiiunintdied  tietiisuijiy  (j<^  e;tsily  shelled  out  rnnii  the  caleitied  njemhraui-s 
(Nfhorf'Iifphos),  In  th<»  secnnd  form  the  f»etns  heroines  adhtMcnl  tt»  Ihi* 
inemhraues  at  various  ]Miints  whieh  heeotn*^  t^aleihtHl,  while  the  other 
]HJrtions  htMome  luummifird  {lithtHTltfpfioptrdhn).  In  the  thii"d  form  the 
ftetus  is  disehari^ed,  thronj-jh  the  rupture  t^f  the  meudinines,  into  the 
Y>eriloneal  cavity,  and  later  teeonies  eneriist<*d  with  liiue-sjilis  {tithtipirdhm 
in  the  narrower  sense), 

Thf  htuff  retrittunt  nfft  rifte  *tr  rren  ottttrfiftttH  ttithin  the  uttrun  imtfuitd  iafxtr)  is  mrv, 
hni  rnny  t>e<'vjr  (1}  in  an  JM'et;H*«>ry  tuiru  i>f  ifie  iittTUS,  (2)  iu  intt'r*5tiliiil  preiriumcy,  (3) 
afti  r  nipfiiri'  «»f  ttie  tJteru». 


508  DISTURBANCES  OF  DEVELOPMENT. 

Literature. 

(Disturbances  of  Devdapment  of  the  Embryo.     Lithapcedion^ ) 

Bandl :  Die  ExtrautcrinschwaDgcrscliaft.     Handb.  d.  Fraucnkrankheiten,  ii.,  Stuttgart, 

1886. 
Eberth:  Myxom  des  Chorion.     Vircli.  Arch..  39  Bd.,  1867. 
Engel:  RtlckbildungsvorgaDge  an  abortiven  Embryoncn.     Beitr.  v.  Ziegler,  xxviii., 

1900. 
Oiaccomini.  Entwickelungsanomal.  d.  menschl.  Embryo.    Ergebn.  d.  Anat.,  iv.,  1894. 

ami  loc.  cit  g  130. 
His;  Fragen  d.  path.  Embryologie.    Interaat.  Beitr.  Festschr.  f.  Virchow,  i..  1891. 
Klein wftchter :  Missed  Labor.     Eulcnburg's  Realencyklop..  v.,  1895  (Lit.). 
Kroemen    Zur  Keuntn.  der  Lithopftdien.     MQnch.  ined.  Woch..  1900. 
XUchenmeister '  I'eber  Lithopftdion.     Arch.  f.  Gyn.,  xviii.,  1881. 
Mall:  Patiiologv  of  Early  Human  Embryos.    Johns  Hopkins  Hosp.  Rep  ,  ix.,  1900. 
Marchand-  Ban  der  Blasenmole.    Zeit.  f.  Gebh..  38  Bd.,  1895  (Lit.). 
Martin    Extrauterinschwangerscliaft.     Eulenb.  Realencyklop.,  1895  (Lit.). 
Mtaier,  II.     Uelier  den  Bau  der  Molen.  WOrzburg.  1847. 
Virchow:  Die  krankh.  Gteschwniste.  i.,  1863. 
Wallenstein:  Beitr.  z.  pathol.  Embryologie.     Inaug.-Diss.,  Freiburg,  1897. 

(b)  Defective  Closure  of  the  Cerebrospinal   Canal  and  the  Accompanying 
Malformations  of  the  Nervous  System. 

§  138.  Defective  closure  of  tlie  vertebral  canal  leads  to  the  mal- 
formations  known  sus  rachischisis  or  spina  bifida.  If  the  defect  in  the 
vertebral  column  is  open  so  that  at  the  bottom  of  the  cleft  the  bodies  of 
the  vertebrae  covered  by  membrane  ai*e  seen,  the  malformation  is  ordi- 
narily'termed  rachischisis,  Wlien,  at  tlie  site  of  the  defect,  there  is  seen 
a  protruding  sac,  the  malformation  is  usually  designated  ^ina  lifida,  or 
more  correci\y  spina  bifida  cystica;  though  to  this  formation  the  names 
rachfHvhisia  ct/stira  or  hydrorachi-s  cystica  may  also  be  applied. 

Ill  rachischisis  totalis  (holorachischisis)  (Fig.  37r>)  the  l)odies  of  the 
vcrtchrji*  form  a  shallow  groove  opening  posteriorly,  and  usually  coven^l 
by  a  thin,  tninsi)arent  membrane;  in  mre  cases  rudiments  of  the  si>inal 
cord  mv  still  present  in  the  form  of  whitish  bands  and  lines.  In  this 
maniuM-  there  occurs  a  total  or  partial  amyelia.  The  defect  involves 
prin(^ipally  the  motor  tracts  and  centres,  iis  well  as  the  cplumns  of 
Clarke  and  the  lateral  cerebellar  tract,  while  the  spinal  ganglia  are  devel- 
oped (Manz,  L<M>nowa.  K.  and  G.  Petren),  and  may  send  sensory  fibres 
into  the  membranous  masses  of  the  spinal  groove. 

Th(^  (h»licatc  membrane  which  lim^s  the  furrow  and  covers  the  dui*a 
mater  lying  beneath  it  upon  the  bonces  is  the  ventral  portion  of  tlie 
spinal  pia  mater.  A  part  of  the  nerve-roots  may  have  undergone  devel- 
opment, arising  eitlnM*  from  rudiments  of  the  spinal  cord  or  from  spinal 
ganglia. 

Partial  rachischisis  (merorarhi,schifiis)  involves  usually  the  sacrolum- 
bar  or  the  upper  cervical  region,  while  the  intervening  portions  of  the 
vertebral  column  are  only  rarely  th(*  s<»at  of  malformations.  The  dorssd 
surfaces,  with  the  overlying  dura  and  ])ia  mater,  of  the  bodies  of  the 
vertebiie  whose  arches  reuiain  ru<liinentary  are  covered  for  the  greater 
part  by  a  mass  of  velvety  vascular  tissue,  which  contains  rudiments  of 
the  sj)inal  cord  (the  area  nifdiflfo-rdscnfosa,  von  Eecklinghausen),  though 
the  amount  of  this  tissue  may  b<*  v<My  small  or  may  even  be  wholly  want- 
ing. To  the  outside  of  this  tissue  layer,  which  is  not  everywhere  equally 
abundant  and  which  diminishes  at  the  sides,  there  comes  next  a  delicate. 
transparent,    vascular  membrane  which  n^presents  the  continuation  of 
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tin*  pm  mater  covered  with  eijitbeiium  {::onu  tpithrlw-M^'tmt);  and  uext^ 
outside  t*\'  tiiis,  a  zoiie  of  epidennoklnl  tissue  sr»iiit*wliat  tliiiiiuT  than 
normal  skin,  and  often  covered  with  ojauy  hairs  (zonn  demmtmi),  sepa- 
rating the  reddened  central  area  from  the  normal  skin. 


V  ' 


\-^ 


Ytn.  ;i7tt  — CnmifinnhtwhlalK  uiih  total  aliM?ni"*'  of  th**  hrnin  aiul  wpl'«ttt  ♦"a'.     Thp  b«se  skull  Ib  <*(m 
pbukinloth' (  un iiiiiiv  iintl  xliorifiiliw  »if  ilie  spinul  lulunui.    Ri^uiiU  inn-^ixth. 


Spina  bifida  cystica  nr  rachicele  (nu'hlHchmft  nfiitiva)  occurs  in  three 
chief  f o r m s :  m  f/f  fo m  nt  i iujort  I* \  m  t ' tt  iti(/iKT!(\  1 1 n 1 1  m  ffHoet/Moceie,  A c vi m  1  - 
ing  to  its  site  theie  may  he  furtlu'i"  distiii^ndslied  a  cervical,  doi*Siih  lina- 
har,  ]nnilH>s;icnil,  and  a.  sjicriil  spina  bithla.  In  i^eiieral,  a  spina  hifida 
is  ciiaracterized  l»y  the  (hnclupmcnt  *if  a  liiictuating  tnmor»  which  is  in 
most  cases  visibh^  cxtt*rnaJly  (Fig.  377)  on  the  posterior  jis]>ect  of  the 


^^^ 


J.^^ 


Km*  arr.— Spina  binda  sa*  nilta»  <  AfN»r  Fruri^^p  and  FArater.1i  lilrl  of  iilncWm  rears*  born  wttb « tumor 
the  siz**  of  a  piffi^ni's  eta?  **ver  tb«  ilip|mt  sai-rol  a  ml  luvivr  luiiibur  n*i?lfji!?>,  whirb  <»nlnnr«'d  truni  tbe  11x111 
year  nti,  wblli*  al  tHe  t^amt$  time  cliib-fu«t  dtiVelo(>in). 

hl>inal  colnmii  (j<plmt  h{ffd<(  poittrnor)  ;  but  !nstaiK*es  also  occnr  in  wiiidi 
thf*  s;ie  projects  anteriorly  from  fiie  spinal  canal  {Kpimt  bifida  anterior), 
-and  iithors  m  which  it  is  so  small  that  it  is  covered  with  normal  skin 
liOil  is  not  visible  externally  {^pimi  l/ijkla  occidta). 

Myelomeningocele  appeai>i  most  frequently  a8  a  ^pina  bifida  lumbth 
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mcrah'Jt,  and  usually  forms  a  tumor  varjiug  in  size  from  that  of  a  nut  to 
tliat  of  an  apple  and  increasing  in  size  after  birth,  in  the  r^on  of  the 
lower  lumbar  and  upper  sacral  vertebra?.  It  is  covered  either  by  smooth 
or  scar-like  skin,  or  may  be  devoid  of  skiu  on  its  summit  and  there  cov- 
ered by  a  reddish,  mucosa-like  tissue  (area  medullovasenlosa).  The 
portion  uncovered  by  skin  may  be  drawn  in,  like  a  scar.  In  rare  cases 
there  may  he  no  external  tumor  (spina  bifida  occuUa)^  the  site  of  the 
cleft  iN'ing  indicate<l  only  by  a  more  marked  growth  of  hair  or  by  a 
depression. 

On  opening  the  sac,  which  is  composed  of  the  araclinoid  (Fig.  378,  e) 
and  the  pia  (f,f,),  while  the  dura  (g)  does  not  extend  over  the  dorsal 
portion  of  the  sac,  it  may  be  seen  that  the  lower  end  of  the  spinal  cord 
(&,)  is  drawn  outward,  and  that  the  cavity  of  the  sac  is  crossed  by  nerve- 
roots  (/,  /, ).  Occasional  nerve- roots  (A )  may  also  spring  from  the  columns 
of  the  coiti  (b^)  in  its  coui-se  through  the  sac. 

Accoi-ding  to  these  findings  there  is,  therefoiv,  an  accumulation  of 
fiuid  in  the  meninges,  a  hydromeningocele  (hydrorachis  externa  circum- 
scripta), which  is  ciwnbiued  with  a  pro- 
lapse* of  the  si)inal  coitl,  a  mifefocele.  At 
the  site  of  the  jirotrusion  the  vertebral 
arches  an*  defective,  and  this  defect  may 
i-each  as  far  as  the  hiatus  sacral  is. 
Smaller  defects  nia\'  involve  only  one  or 
two  viMlrbne. 

Ikn'ml  and  cervical  meningoceU'S  are 
much  nioi-e  i-an*  than  the  lumbossicral. 
The  defect  in  the  vertebral  arch  is  usu- 
ally confineil  to  one  or  two  vertebne. 
The  si>iiial  conl  is  heiv  involved  in  the 
HHMiinpKele  in  so  far  that  poitions  of  it 
are  drawn  outward  in  tlu*  form  of  a  hand 
oi*  eone. 

Hydromeningocele  spinalis  aris<'s 
from  a  hernial  i)rotrnsion  of  spinal  araeh- 
n(»id  i\\\i^  to  a  localized  eoll<H*tion  of  tiuid 
in  tlH'  subarachnoidal  space.  It  may  oc- 
cur in  the  first  i>lace  at  the  upi>er  en<l  of 
the  spinnl  column  in  the  case  of  a  cleft  of 
the  upper  cervical  \ertel)ra%  at  the  sjtme 
timt*  with  hernia  of  the  brain  in  the  oc- 
cipital rej^ion.  31ore  fre(iuently,  how- 
ever, it  fK'curs  in  the  s:u'nd  rejrion,  where 
the  hernial  ])r<>trusion  takes  place  either 
throu^rh  a  <lelect  in  the  vertebnil  arches 
and  IxKlies  or  through  the  hiatus  siicnilis. 
or   through    intervert<»l)ral    fonimina.      In 

duni  takes  no  part  in  the  formation  of  the  sac,  but  views  differ  upon 
this  point,  and  i)y  many  writers  (Hildehrand)  a  diiral  sac  is  described. 
Through  a  progressive  accumulation  of  fiuid  the  sac  may  attain  a  very 
larjie  size.     Small  meningoceles  may  be  c^oncealed  in  the  deep  tissues. 

Accordinjr  to  the  direction  of  tlu^  hernial  protrusion  there  may  l>e 
distinguished  a  mrnlnf/orrh'  posterior  iiud  a  men inf/oeele  anterior,  the  latter 
taking  place  tlir(»u*rh  a  <h*fect  in  the  bodies  of  the  vertebne  {radiischisiA 
anterior). 

riyelocystocele  or  hydromyelocele  (sj/ringonnfelocele)  takes  its  origin 


FIG.  37>.-  MyelomeninircMvle  sMrnUb  in 
satriiuil  se<*tk)n.  a  Uttle  u>  the  left  of  tbe 
mHlian  line.  ( After  v<m  RerklinsliaitfHi.) 
n,  skin  :  />.  /i|.  spinal  curd;  r.  anea  dhv 
<lulIova.<rulosa :  d,  cFanial,  d|.  caudal 
polar  fmK>ve :  f ,  arachnoid :  /,  pia.  some- 
what separated  from  tbe  arachnoid:  r,. 
I>ortlon  of  pia  mater  turned  over :  g,  dura 
niHier:  ?i.  recurrent  root*  of  tbe  fuurth 
lunthar  nerve :  i,  radix  anterior :  ft,  radix 
VKisterior  of  the  fifth  lumhar  nerve,  run- 
nintr  free  through  the  ara<>hnotdal  sac;  k, 
sa<ral  nerve-roota  between  tbe  aracbDoid 
nnd  pia :  f.  fllum  terminate. 


or  iK^tween  vertebnil  arches, 
the   majority   of   cases  the 
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in  a  dilatation  of  the  central  canal  of  the  spinal  cord,  as  a  result  of 
which  a  larger  or  smaller  portion  of  the  cord  with  its  connective-tissue 
envelopes  becomes  converted  into  a  cystic  tumor.  The  dura  is  usually 
wanting  over  that  portion  of  the  sac  protruding  from  the  vertebrae. 

According  to  von  Recklinghausen,  the  wall  of  these  sacs  is  fonned 
essentially  of  the  inner  spinal  meninges,  but  is  lined  on  the  interior  by 
a  cylindrical  epithelium,  and  has  at  some  part  of  its  inner  surface  an 
area  medullovasculasa — usually  on  the  ventral  side,  rarely  on  the  dorsal. 
Corresponding  to  this  condition  the  roots,  in  case  they  are  still  pre- 
served, spring  mostly  from  the  ventral,  rarely  from  the  dorsal  outer  wall 
of  the  sac.     The  cavity  itself  is  crossed  neither  by  bands  nor  by  nerves. 

Myelocystoceles  occur,  in  the  majority  of  cases,  in  lateral  clefts  of 
the  vertebral  cohunn.  They  show  a  tendency  to  be  combined  with  defects 
and  aaymmietries  of  the  bodies  of  the  veiiehrce,  and  thereby  often  with 
shortenings  of  the  trunk,  which  at  times  affect  only  the  dorsal  region,  at 
other  times  also  the  lumbar  region.  Very  frequently  there  exists  at  the 
same  time  an  exstrophy  of  the  abdomen,  bladder,  and  intestine. 

Myelocystoceles  are  mostly  covered  only  by  the  outer  skin,  but  are 
sometimes  concealed  deep  down  in  the  soft  parts.  They  may  further 
be  combined  with  a  meningocele,  so  that  a  myelocystomeningocele 
arisc^s. 

In  cases  of  rachischLsis  there  sometimes  occurs  a  division  of  the 
spinal  cord  into  two  parts  {dinstematamyelia),  most  often  in  the  case  of 
a  total  rachischisis,  in  which  indeed  the  rudiments  of  the  spinal  cord 
ai*e  usually  only  indicated.  In  i)artial  nichischisis  such  division  is  more 
rare,  l)ut  the  separated  strands  of  spinal  cord  ai^  better  developed,  and 
the  fibrous  and  bony  coverings  may,  at  the  beginning  or  end  of  the  cleft, 
send  dividing  septa  l)etween  them.  Cases  have  occuri*ed  in  which  each 
cord-half  possessed  an  H-shai)ed  area  of  gray  matter. 

In  the  earliest  einhryonic  pericMl  the  medullary  groove  is  formed  by  the  develop- 
ment on  both  sides  of  the  median  line  of  wall-like  elevations  of  the  ectoderm  which  are 
designated  as  the  medullary  folds.  Through  the  converging  growth  and  union  of  the 
latter  the  medullary  groove  is  closed  and  formed  into  the  medullary  canal.  Thereupon 
the  cell  masses  (prinutive  vertebral  plates)  lying  at  the  sides  of  the  newly  formed  canal 
form  an  envelope  about  it,  which  gives  rise  in  the  first  place  to  a  membranous,  non- 
articulated  vertebral  column.  In  this,  at  the  beginning  of  the  second  month,  there 
arise  discrete  cartilaginous  areas  from  which,  in  the  course  of  further  development,  the 
vertebral  bodii'S  and  arches  are  formed,  while  between  them  the  intervertebral  discs 
and  vertebral  ligaments  appear.  The  development  of  the  cartilaginous  vertebne  is  not 
completed  until  the  fourth  month,  and  up  to  this  time  the  dorsal  covering  of  the  me<l- 
ullary  tube  consists  of  the  united  portions  of  the  membranous  vertebral  column.  The 
cartilaginous  constituents  of  the  vertebne  are  in  the  course  of  development  replaced  by 
bone. 

The  orifjiti  of  rnrhinchiMs  is  to  be  referred  to  agenesia  and  hypoplasia  of  the 
medullary  fohls.  which  should  form  the  medullary  groove  of  the  vertebral  arches. 
The  agenesia  of  the  spinal  cord  is  also  to  be  dated  from  the  very  earliest  period. 
AVhether  it  is  a  primary  agenesia  predetermined  in  the  jierm,  or  whether  extrinsic  in- 
iurious  intiu«Miccs,  perhaps  toxic  substances  {Iferiiriff),  pressure  from  without,  or  the 
luclosure  of  fcetal  membntues,  may  have  secondarily  checked  development  or  have  de- 
stroyed parts  already  formed,  it  is  usually  difficult  to  determine;  but  the  symmetrical 
distribution  of  the  arrested  development  speaks  in  favor  of  the  former  view. 

In  cases  of  spimr  bifda  with  hernial  protrusion,  the  local  defects  in  the  botty  rertebrtU 
ctAlumu  a  ad  the  dtft  cti  re  dcrelopment  of  the  dura  mater,  which  is  usually  wanting  at  the 
site  of  the  protrusion,  are  to  be  regarded  as  the  primary  condition.  The  growth  of  the 
sac  may  be  exphiined  as  due  to  congestive  and  inflammatory  transudation,  and  the 
residue  of  infiammatory  changes,  such  as  thickenings  and  membranous  adhesions,  may 
often  be  demonstmted  in  the  pia. 

Von  Reckli)ifjhansen  refers  the  origin  of  myelocystocele  and  myelocystomeningo- 
cele to  a  deficient  growth  in  tiie  long  axis  of  the  vertebnd  column,  characterized  ana- 
tomically by  shortness  of  the  column,  ab.sence  of  vertebne  or  parts  of  vertebrae, 
8c*paration  of  wedge-simped  bony  pieces  from  the  bodies  of  the  vertebrae,  and  by  uni 
lateral  defect,sin  the  arclies.     The  neural  canal,  then,  in  the  course  of  normal  develop- 
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ment,  becomes  too  long  for  the  vertebral  canal,  and  in  consequence  becomes  curleti  or 
kinked,  and  there  is  a  tendency  to  a  partial  protrusion  of  the  medullary  tube  at  the 
point  of  sharpest  bending.  Mare/iand  believes  that  this  hypothesis  is  not  applicable  to 
all  cases,  and  Arnold  is  also  of  the  opinion  tliat  the  causal  relations  between  arrests  of 
development  in  the  muscle-plates  and  vertebral  anlage  on  the  one  hand,  and  those  of 
the  medullary  canal  on  the  other,  are  not  constant,  but  that  a  variety  of  harmful  infla- 
ences  may  gfve  rise  to  one  or  more  of  these  anomalies.  Luek$ch  emphasizes  particu- 
lary  the  effects  of  pressure  as  the  cause  of  myeloschisis,  but  without  excluding  other 
causes. 

According  to  0,  Hertwig,  the  ordinary  spina  bifida  Is  an  arrest  of  developmeot 
depending  upon  a  partially  prevented  closure  of  the  blastopore  {^  Urmundspalte  "). 
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Wieting':  Vehtr  SpitiA  bifida  u.  Zwcitlieilung  d.  ItUcketiEii. 


IkMlr.  \\   BniDS,   XXV*. 


g  134.  Faulty  development  of  the  cranium  and  the  skssociated  dis- 
turbances of  cerebral  development  lend  to  Hi(»st'  iyalfi»rTii;itif^iis  kiiuwii 
aM  ertttiioHrhm.s^  arnutitt,  hcHurtftfiltt,  wirrot'^^pfKfhtM,  ftttnirepfHihfM,  rjyntfph- 
g/m-k,  mirntwrpftahtrH,  fitftJ  rrphfthtrfle, 

Acrania  and  hemicrania  or  cranioschisisinv  tht^  results  of  an  agene- 
sia or  hypuphisia  of  tht^  bouy  and  lueiiibranoiis  i>ortions  of  the  cranial 


r 


Pig.  3T9.— iLneiK»ph&U&  el  ncmnfo. 


Reduced 


¥lG,  mK-Cnnimeti\Miii  \iiiH  Ext^nr^ptmllti. 


vault,  which  arise  either  as  priinarv  distnrbudct^s  ol"  ih^velnpiaent  nr  as 

the  result  (»f  haruifiil  extrinsic  iutlnenn^s  upon  the  eerelu^il  aiihi*,^f*. 

In  aemniu  both  the   f>*iuy  jporli<»u  and  thoskinid^  the  «*runTal  vault 

(Fig8.  nil),  :\Sl)  are  wholly  wanting,  the  stirfarr  of  the  base  td'  th*^  skull 

lM*in^  covered  only 
wilh  a  lueuibrautuis 
vast*nlar  tissui\ 

If  the  defrtt  in 
the  (*rauial  vault  isius- 
s*K"iati'd  with  a  similar 
didV^el  iij  Ihe  vertebnil 
arrhi's,  there  is  pro- 
dne*'d  the  conditioti 
knowi^  ;is  craniora- 
chJschisJs  (  Fiji.  87il). 
in  uhit^i  tin*  spinal 
column  is  usually 
shortened  and  l»t*nt, 
the  head  in  corssi'- 
epu*nee  Iw^in^  drawn 
sharply  backward  and 
tin*  iace  turned  up- 
ward.     TluMU^h    a 

niarketl  bulging;  of  the  eyes  wilh  deficient  devchjpnieid  of  the  foiHiead. 

these  malformations  may  resendde  fT'otrs  (froff/o'tm). 


Fio.  at*!.-  PnHlsil  lUfeneAlii  of  tlie  lM»ni*s  of  tlie  cranium  in  ani^nr*'^ 

KftJIii.   a.  Dc'fiM-t ;  h.  i^^iuiuunm  p4»rtluii  of  ilii*  ticclpllal  banc  ;  c^  parlHUil 
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In  hem'Krania  the  flat  bones  of  the  cranial  vault  have  undergone  more 
or  less  extensive  development  (Fig.  381,  b,  c,  d)  and  form  a  cnwiai 
cavity,  which  is  small,  in  that  the  flat  bones  of  the  vaalt  are  elevated 
but  a  short  distance  above  the  base  of  the  skull.  If  the  bones  of  the 
cninium  which  have  undergone  an  imperfect  development  yet  unite  with 
one  another  as  under  normal  conditions,  there  is  produced  a  simple 
microcephalus,  which  may  be  present  at  birth  or  develop  later,  as  the 
result  of  imperfect  development  of  the  skull. 

Acraniaand  lu^micraniaare  often  associated  with  total  anencephaliis, 
the  bsise  of  the  skull  being  covered  only  with  a  membranous,  vascular, 
spongy  mass,  which  is  usually  composed  of  vascular  connective  tissue 
containing  scattered  ha?morrhages,  and  showing  no  trace  of  brain  tissue 
or  only  undeveloped  rudiments  {area  cerehrovaseulom). 

In  other  cfis(\s  the  meninges  contain,  besides  cystic  cavities  and  gland- 
like lemnants  of  the  medullary  i>late,  also  more  or  less  developed  braiu- 


Fui.  .>2.    Hy(1renceph:iI<H>4>Ie  (M^ripltalis.  Fio.  :{83.>-EiiceptaalomentiiffO(*eIe  nasofnmUlfs. 

sul)s1:uice,  which  usually  i)r()trudes  through  the  defect  in  the  cnuiial 
vault,  giving  rist*  to  exencephalus  (Figs.  .SSO,  ,^7l).  The  hernial  nuusses 
ine  either  inclosed  only  by  a  soft  in<4nl)rane  corresponding  to  the  inner 
meninges,  or  they  may  l)e  covered  also  by  external  skin. 

With  nncroc(»phalus  there  is  also  micrencephalus— that  is,  an  abnor- 
mal sniallness  of  the  brain.  The  development  of  the  brain  is  also  usu- 
ally (lelicient,  or  c(»rtaiii  ])oitions  may  be  lacking. 

If  the  cranium  is  in  general  closi'd,  but  pi'esents  partial  defects* 
poitions  of  the  cianial  contents  may  ])roli'ude  externally  in  the  form  of 
a  lieinial  sac.  Such  a  condition  is  known  as  hernia  cerebri  or  cephalo- 
cele  (Figs.  .*iS2,  38,S).  Defects  of  ossiiication,  as  well  as  a  local  weaken- 
ing of  tli<*  nienibranous  cranial  envelo])e,  are  doubtless  the  primary  causiN 
though  a(lhesi(Mis  of  the  jneninges  with  the  amnion  nuiy  also  Ik*  a  cause 
(St .  1 1  ilaire).  The  dura  mater  is  wanting  over  the  extracranial  portion 
of  llu'  sac  (Muscatello). 

The  s'v/A'  ot  tiic  ])rotru(ling  sac  vai'ies  greatly;  it  may  be  so  small  as 
to  be  found  only  after  cai'cfnl  examination,  or  it  n my  be  so  large  as  to 
ai)i)roach  the  biaiu  in  volume.  If  only  th(»  arachnoid  and  pia  protrude 
as  tin*  result  (>f  a  collection  of  lluid  in  tin*  subaiiichnoidal  space,  the 
hcMiiia  is  designated  a  meningocele.  If  at  the  sjune  time  thei*e  is  a  pro- 
trusion (►f  brain-substance,  it  is  known  as  menins^oencephalocele.  A 
hernia  of  I )rain -substance  and  pia  without  a  collection  of  tluid  is  an 
encephalocele  ;  if  the  protruding  brain  substance  contains  a  portion  of  a 
ventricle  filled  with  tluid,  it  is  (h^signated  a  hydrencephalocele. 

Cerebral  hernias  occur  chiefly  in  the  occipital  i-egion  (hernia  ocHpi- 
t<(li.s),  close  alH)ve  the  foramen  magnum  (Fig.  .>2),  and  at  the  root  of 
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rrn.  ^s^.— ^lynopbrhiilmuii  or 


the  iiose  (heniki  mjncipitiilh).     III  the  latter  region  it  may  at  one  I imi^ 

iiivoh'e   ehieily   the   fruutiil    Imiu*    (hrntttt  naHofroutallH,    Fig.    3tiJi),    nt 

anolliiM'  time  tlie  etimmid  [htrnm  nunoethmohf' 
(dh)  or  thi*  htelirviiiul  hone  {hrniia  nuHOftrfjU- 
aiis].  3Ii>rr  niri*ly  lieniias  uvvnr  on  ilie  sides 
of  thl^  skill  I  {ftnma  hftntifiH)  or  at  ttie  has**  uf 
the  skull  (htrftkf  iHimtUji),  The  latter  may 
I ml^a^  toward  Ihe  iias<>|iliarviix  {hendtt  ^phtno- 
phttri/Hf/f'(i )»  or  into  the  orbit  {hrntia  Hphnio-tnhif' 
itii^),  or  into  the  fossa  sphenomaxi  liar  is  {hrmia 
fiph  en  om  axlliit  rls  ) , 

In  the  case  of  a  eeiiiral  jn'roia  \hv  hraiii 
may  he  t*ilher  uorjaal  or  riiore  or  Irss  mal- 
formed.  A^s  a  resulr  of  a  marked  stiriitiii^^  of 
development,  partieularly  in  the  region  <d  Ihe 
forennist  t>f  the  Ihn/e  ri^n^hral  vesk'Irs,  tin*  vvrr- 
hrum  may  remain  single,  while  at  tlie  same 
finw  a  ibjh'h'iit  .sfpifration  of  the  ocuhtr  vrfticle^ 
fffke-H  phtre  {rtfrfrurtpfufiiif  or  eijHw^ plutiUt  of  «Sl.- 

Hihdre).     lu  st^vere  grades  of  I  his  foriu  of  distnrljaiu'e  of  develojinieiit 

oidy  one  eye  may  l]»e  formed*  lying  in  the  middle  of  the  foreliead,  or 

two  t*yes  nnited  together  nmy 

he  tVmiid  iu  one  orbital  ea\  ity 

(Fig.   ;iS4j,   so  that   tin*  nnif- 

formation  may  he  designated 

cyclopia,  or  synophthalroys, 

a  u  «l     a  s    arrhinencephalys 

(Kundrat ).     Tiie  nose;  is  also 

stvinted  (  Fig.  3Si)  ami  fornis 

a  |>rid>oseis  like  entaneims  tag 

attaehed  aljove  the  eye,   and 

devcjid    t>r    bony    foundation 

{tthmiM'tplHtfhf), 

When  the   eyt^s  an^  sepa- 
rate, yet  ahmHinally  elose  to- 

gt*ther,    the    nmse    in    ge*jieral 

may  !m3  normal,  tliongh  very 

small  at  the  rtH»t   {vrbocepha- 

Uii ). 

h\  the  moie  severe  grades 

of    thest?    midformatioMs   the 

etlinioid  lume  and  tjasal  sep 

tuin  nmy  be  wanting,  and  the 

U|>per  lip  and  i^date  may  lie 

eleft  in  the  median    line,   on 

one  or  both  sides  (Kundrat)* 

In  t!ie  I  ladder  grades  the  fore- 
head is  merely  red  need  in  size 

a  J  id    sharply    pointed    like   a 

weil^^^e. 

In     tht^    Steven*    fornis   of 

thesi*  imd  format  ions  ihe  eerelvnim  eonsists  t>f  a  sae  (Fig.  ^f*5,/,  t),  oe- 

cupying  rmire  or  h»ss  of  the  emnial  i-avity  and  filled  with  a  clear  tinid; 

at  thoH«?  iK*ijds  whei"e  the  sae  dims  not  touch  (he  cnudal  wall  tin*  inter- 


mm 


§ 


1  ■  *  ^4' 


«i^*^^'^^ 


',:^ 


Fia,  '5H5.  ■eratiln!  ravlry  of  a  svnopbthalmua  w^fi^mstninus 
npent'd  by  a  fixnitul  sH<-tlori  <«fHii  frnnt  iH^ihiilk  <t,  SKlii 
and  !(UtM>utanf4kii»  UxiKiif;  h,  <  niiiiiini  :  r^  <liir»  ihjiUt;  d, 
tentiirium  ;  r,  nnii'lmnirl ;  f,  j>iMerlor  surfair  of  tht*  oerp- 
bruin»  <'niJi^t»tm)7  of  w  itjtn-wnlltHl  ^nr  oovervci  hy  pia  niater; 
i/,  swollen  t'Uc**  i»f  <rn*bnil  sjir;  /i,  ii.u)»tinu^hiu>ldul  «pftce 
belifn<l  th»' I'fTi'bnil  sac;  (,  iiivily  i»f  thiiM'ervhriil  muc,  rom- 
inuiilf-uttnif  wlUi  the  sutuinirhDiilrlal  s|mi<>' tbn>uirb  the  eu- 
larvf^l  tninsverw^  fJ?i5urn* ;  k,  ft-eotlon  tlmjuiffb  tlnw  eorjioni 
quadrtfremlna ;  I.  »(h  lion  throuffb  tht;  ct-rf  bellum  ;  rn*  fttbift. 
Bev(*rj>U'titb«  nBUirkl  eilxe* 
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vening  space  is  filled  by  fluid  distending  the  subarachnoidal  space  (A). 
In  the  less  marked  forms  only  individual  portions  of  the  brain  are 
undeveloped,  those  pai-ts  chiefly  affected  being  the  olfactory  lobes  and 
nerves,  the  corpus  callosum,  a  part  of  the  convolutions,  etc  The  optic 
thalami  are  oftiMi  blended  together.  The  chiasm  and  the  optic  tract  may 
l)e  absent  or  ])resent.  The  corponi  quadrigemina  (A:),  x>^ns,  mednlla 
oblongata,  and  cerebellum  (/)  are  usually  unaffected. 

The  spinal  cord  aiul  bniin  arise  fnmi  the  nietlullary  canal.  Id  that  portion  that  is 
to  !)oconie  tlie  bniin,  the  neural  canal  changes  very  early  into  three  vesicles.  The  mmt 
anterior  of  these,  the  forebrain,  tlirows  out  from  its  lateral  portions  the  primary  optic 
vesich^s,  while  the  middle  portion  grows  forward  and  upward  and  divides  into  tbe 
tclenrtphahm  nrforebrftin,  and  the  dieMephalon  {thdlntnencejiudafi)  or  Ureenbitiiu.  Fnim 
tlie  former  arc  deveIope<l  the  cerebral  hemispheres,  corponi  striata,  corpus  callosum. 
and  the  fornix.  From  the  tween])rain  are  formed  the  optic  thalami  and  thettourof 
tlie  thinl  ventricle.  The  second  vesicle  or  midbrain  forms  the  corpora  qiiadrigeuiinA. 
while  the  third  vesicle  divides  into  the  isthmus,  metencephalon.  and  m^'elencrephalim, 
from  whicli  there  are  developed  the  pons,  cerelK»llum,  and  medulla  oblonirata. 

The  cerebral  portion  of  the  metiullary  canal  becomes  inclc»Si*d  by  the  primitive 
vertebnd  plates  of  tlie  head,  which  fonn  the  membranous  primitive  skull,  the  basal 
portions  of  which  become  cartilaginous  in  the  second  month  of  f<etal  life.  In  the  thini 
mouth  the  l)asal  cartilage  and  the  membranous  vault  begin  to  ossify. 

According  to  G.  St.-Ilibnre,  For^tei\  and  Pnnmn^  acrania  and  anencephalus  an*  to 
be  referred  to  an  abnormal  accumulation  of  fluid  in  the  cercbnil  vesicles,  nhytlrvftftht^lut, 
occurring  iM'fore  the  foiirth  month.  JJar^Hfe  and  FkrU  oppose  this  view,  and  iM>ini  out 
that  in  acrania  the  base  of  the  skull  is  usually  bulged  inward  and  not  prcs.sed  outward. 
They  therefore  seek  the  cause  of  acrania  in  a  pressure  exerted  upon  the  cranium  fn>in 
without  (Perls),  due  to  an  abnormal  tij?iitness  of  the  cephalic  cap  of  the  amnion.  wfaiHi 
retards  the  deveio|)nient  of  the  cranium.  L*'l»etfeff  seeks  the  cause  of  acrania  in  to 
abnormally  sharp  bending  of  the  body  of  the  embryo,  which  he  thinks  <x?curs  when  the 
cephalic  end  of  the  ein])ryo  f^mws  abnormally  in  the  longitudinal  axis,  or  in  fa.se  the 
cephalic  covering  lags  behind  in  its  development. 

By  the  sharp  ])en(ling  the  change  of  the  medullary  groove  into  the  mcnlullary  cnittl 
is  thouirlit  to  be  hiu<len'd.  or  tli(^  canal  after  its  formation  is  <lestn)ye<l.  From  this 
could  i)e  explained  the  lati'r  absence  of  the  brain,  as  well  as  of  the  ni<>inhramuisan<i 
osseous  cninial  coveiiiiir.  The  (rystic  formations  in  the  men>bnincs  lying  uj>iin  tlie 
base  of  the  skull  are.  according  \o  LeWtUff,  formed  from  the  folds  of  the  meilulkiry 
l)late,  which  sink  \\\U)  the  mesodenu  and  are  then  snared  olT. 

Iltrtiritj  thinks  it  ]>ossil)le  that  chemical  substaiues  circulatini?  in  the  bltxtl  or 
secreted  from  the  wall  of  the  uterus  may  destroy  the  anlage  of  the  brain. 

According  to  K.  and  .1.  Pttn'm,  the'spinal  ganglia  in  anencephal  us  are  always  nor 
mally  developed;  on  the  other  hand,  the  columns  of  Clarke,  the  latenilcert^bellartnuls. 
and  the  bundles  of  (Jowers  are  either  wholly  wanting  or  are  imperfectly  develnpt-i. 
Likewise  the  pyramidal  tracts  are  wanting,  while  tlu?  anterior-horn  ganglion  irlNjiwi 
the  anterior  roots  are  developed.  K.  and  .1.  Pttnn,  therefore,  reganl  the  malf«)nnali"n 
as  a  .system  defect  in  which  the  neurones  of  the  second  onler  are  not  formeii:  and  ili'')' 
in(!line  to  the  view  that  the  malformation  is  to  be  referred  to  an  abnormal  an la|r<'»f 
the  germ. 
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(c)  The  Malformations  of  Vie  Face  and  Neck. 

g  135.  The  development  of  the  face  not  infrequently  suflfers  disturb- 
ances leading  to  more  or  less  marked  facial  malformations,  which  may 
appear  alone  or  in  association  with  malformations  of  the  cranium.  If 
the  frontal  process  and  the  maxillary  processes  of  the  first  branchial  arch 
remain  in  a  rudimentary  state  or  are  destroyed  to  a  marked  extent  by 
pathological  processes,  there  persists  at  the  site  of  the  fac^  an  open  sinus 
giving  rist»  to  the  conditions  known  as  aprosopia  (absence  of  the  face) 
and  schistoprosopia  (cleft  face),  which  may  also  be  associated  with  a 
defective  development  of  the  nose  and  eyes. 

More  frequent  than  these  large  defects  are  smaller  clefts  involving 
the  li])s,  alveolar  process  of  the  upper  jaw,  the  upper  jaw  itself,  and  the 
hard  and  soft  palates  (Fig.  386),  which  are  designated  as  cheilo-gna- 
thopalatoschisis  or  ••wolf's  jaw."  This  malformation  gives  rise  to  a 
communication  between  the  mouth  and  the  niusal  cavity  (Fig.  386). 
The  hanl  palate  is  cleft  in  the  part  bordering  upon  the  vomer;  the  soft 
palate  in  the  median  line.  In  the  alveolar  process  of  the  upper  jaw  the 
cleft  runs  lx*tween  the  canine  tooth  and  the  outer  incisor  or  between  the 
outer  and  inner  incisors.  The  malformation  may  l)e  bilateral  or  unilat- 
eral, and  is  sometimes  primary  and  inheritable,  at  other  times  acquired 
secondarily,  in  pail  as  the  result  of  amniotic  adhesions  (Fig.  371). 

Not  infrequently  the  cleft  involves  only  si>ecial  portions  of  the  regions 
mentioned,  iis  the  upper  lip  {harelip,  labium  leporinum),  or,  what  is 
rarer,  only  the  hard  or  soft  palate.  The  lightest  grades  of  this  form  of 
cleft-nuilformation  are  represented  by  a  notch  or  eicMnciul  line  in  the  lips, 
or  by  a  bifurcation  of  the  uvula. 

Prosoposchisis  or  oblique  facial  cleft  (Fig.  372)  is  the  designation 
applied  to  a  cleft  running  obliquely  from  the  mouth  to  an  orbit.  It  is 
usually  associated  with  malformations  of  the  brain.  According  to 
Morian,  three  forms  may  l>e  distinguished.  The  first  is  a  cleft  beginning 
in  the  upper  lip  as  a  hareli]),  passing  into  the  nasal  cavity,  thence 
around  the  ala  nasi  toward  the  orbit,  and  may  extend  even  bej^ond  the 
latter.  The  second  form  likewise  begins  in  the  region  of  a  harelip,  but 
extends  outward  from  the  nose  toward  the  orbit.  The  third  form  ex- 
tends from  the  corner  of  the  mouth,  outward  through  the  cheek  toward 
the  canthus  of  the  eye,  and  divides  the  superior  maxillary  process  exter- 
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nally  to  the  canine  t^x^th,  A  tmmverse  cleft  of  (he  chrrk  also  occurs,  pass- 
iLig  from  the  corner  cjf  the  niotith  toward  the  temporal  rc^i^ion, 

riedian  facial  clefts  [mmtl  rUft)  run  in  the  median  line  involving 
the  nose,  upper  jaw,  and  also  the  lower  jaw,  and  may  extend  as  far 
dowji  as  I  lie  sternum.  The  ton^ur  tij:iy  alsi*  l>e  eletl.  Further,  the  de- 
leet  may  rxteiid  evtsii  to  thr  tri>ntal  hone  and  brain. 

All  i>f  the  at'ove-nn^ntimieil  elefts  may  be  confined  to  small  portions 
of  tliB  rc*gions  mentioned,  and  moreover  attain  varying  depths. 

If  the  development  of  tin*  inferior  maxillary  process  of  the  first 
branchial  areli  is  retarded,  tlie  irderior  maxilla  also  is  imperfectly  devel- 
fjped  nr  wholly  ^vantinJ^^  ami  there  arise  thos4Mnalformiit ions  known  as 
brachygnathia  ui-  agnathia  \  Fig,   :^S7).     The  lower  portion  of  the  face 
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Fig.  SIMt.— Double  rhi^iU!^-|imiinjopaliiLoaJi::tiiais. 
(VVtJirsJmw.) 
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appears  as  if  cut  away  ;  the  ears  are  sometimes  liron^^ht  so  ck>se  to  eacl 
other  as  to  ton  eh  {.stffwthi}^  Usnaliy  the  superior  maxillary  proeess<*s 
are  also  iuiperfectly  develo]>ed  ;  ncjt  infrequently  the  ear  is  malformed. 

Abnormal  largeness  td'  the  mouth  imfwrostomhf ),  abnormal  smallness 
(minimtomki),  elosnre  (itltrmt  itrh),  and  duplicatiou  of  the  mouth  (di^t- 
torn  hi)  are  all  rare. 

When  the  embryonic  external  branchial  elefts  or  internal  branchial 
pockets  fail  in  pait  to  close,  there  persist  fistnla?  opening  either  exter- 
nally or  internally,  or  elosc^d  eysts.  The  f{>rmer  eondith>n  is  known  as 
fistula  colli  congenita.  The  nioutlis  of  tin*  t'xternal  tistuhe  ai-e  usnaliy 
found  at  the  side  of  the  nerk,  more  rarely  nearer  to  the  median  line  or 
in  the  median  line;  those  id*  the  iutenial  tistnhe  ot^eu  into  tlie  pharynx, 
trachea,  or  hiryux.  Very  oftt'u  tin*  rt^maiiis  t>f  thi*  bi'anehial  jjoekets 
form  oidy  div(^rtieula  of  tln^  hist-uannHl  organs.  The  fistnhe  are  for  the 
chief  i»art  covered  witli  mneons  epithelinm,  sometimes  ciliated,  arising 
therefore  from  the  visceral  bianrhial  pockets,  accord  in  fif  to  von  Kos- 
tanecki  and  von  Mielecki  usually  fn mi  the  st*eond.  lu  rare  eas<^s  there 
is  foniid  a  comph.^te  branchial  listulawith  both  external  and  internal 
opeinngs. 
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The  branchial  cysts  arising  from  the  branchial  pockets  are  some- 
times lined  with  mucous  epithelium  (ciliated  epithelium)  and  contain 
fluid ;  hence  they  are  called  hydrocele  colli  congenita.  At  other  times  they 
possess  an  epidermoidal  covering  and  inclose  epidermoidal  cell-masses, 
and  ai'e  therefore  classed  with  the  atheroniata  and  dennaid  cysts.  Cysts 
of  the  neck  lying  in  the  median  line  and  reaching  to  the  hyoid  bone  may 
develop  from  remains  of  the  ductus  thyreoglossus. 

The  face  and  neck  are  developed  in  part  from  a  single  anlage,  and  in  part  from 
paired  anlage.  The  latter  are  represented  in  the  branchial  or  visceral  arches  growing 
from  the  lateral  portions  of  the  base  of  the  skull  ventrally  in  the  primitive  throat-wall. 
The  single  anlage,  designated  the  frontal  process,  is  a  prolongation  downward  of  the 
base  and  vault  of  the  cranium,  and  is,  in  fact,  nothing  more  than  the  anterior  end  of 
the  skull.  Between  the  individual  branchial  arches  there  are  at  a  certain  poriwl  cleft- 
like depressions  known  as  the  branchial  pockets. 

The  frontal  process  and  the  first  branchial  arch  form  the  boundaries  of  the  great 
primitive  mouth-opening,  which  has  a  diamond  shape.  In  the  course  of  development 
the  first  branchial  arch  sends  out  two  processes,  the  shorter  of  which  applies  itself  to 
the  under  surface  of  the  anterior  portion  of  the  head  and  forms  the  upper  jaw,  while 
from  the  longer  one  the  lower  jaw  is  developed.  The  frontal  process,  which  forms  the 
anterior  boundary,  gives  rise  to  a  broad  prolongation  of  the  forehead,  and  then  pushes 
on  two  lateral  processes  which  are  known  as  the  lateral  nasal  processes.  By  further 
differeiJtiation  of  the  central  -portion  of  the  frontal  process  proper,  the  septum  narium 
is  formed,  which  by  means  of  two  spurs,  the  inner  nasal  processes,  produces  the  borders 
of  the  external  nasal  openmg  and  the  nasal  furrow.  The  lateral  nasal  processes  are  the 
lateral  portions  of  the  skull,  and  later  develop  within  themselves  the  ethmoid  labyrinth, 
the  cartilaginous  roof,  and  the  sides  of  the  anterior  portion  of  the  nares.  At  a  certain 
stage  they  form  with  the  superior  maxillary  process  a  furrow  running  from  the  nasal 
furrow^  to  the  eye,  the  lachrymal  fissure. 

In  the  beginning  the  mouth  is  simply  a  large  sinus»  but  is  soon  separated  into  a 
lower  and  larger  digestive  and  an  upper  and  smaller  respiratory  portion.  This  separa- 
tion is  brought  about  by  the  development,  from  the  superior  maxillary  processes  of  the 
first  branchial  arch,  of  the  palatal  plates,  which  from  the  eighth  week  on  blend  into 
each  other  and  at  the  same  time  unite  with  the  lower  border  or  the  nasal  septum  The 
union  of  the  anterior  portions  of  the  palatal  plates  takes  place  earlier  than  that  of  the 
posterior  portions. 

Tlirou<?h  the  union  of  the  contiguous  portions  of  the  frontal  and  nasal  processes 
w.  .a  the  superior  maxillary  processes  the  cheek  is  formed  and  a  continuous  superior 
maxillary  border,  from  which  are  developed  later  the  lip  and  the  alveolar  process  of 
the  upper  jaw  and  intermaxillary  bones,  while  the  external  portion  of  the  nose  devel- 
ops from  the  frontal  process.  The  intermaxillary  bones  are  developed  as  independent 
bones,  but  unite  very  early  with  each  other  and  with  the  upper  jaw. 
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(</)  FanUij  Closure  of  the  Abdominal  and   Thoraeic  Cadties,  and  the  Acconi' 

panj/inff  Malfonnations, 

g  i;5(>.  Arrests  of  development  in  the  formation  of  the  ventral 
body-wall  may  take  place  at  (liffereiit  i)ointsaiul  exhibit  different  «»:rades 
of  severity.  They  cM*eiir  most  Ireqiiently  in  the  region  of  the  umbilicus, 
where  the  closure  of  the  abdominal  cavity  takes  jdace  latest.  In  the 
eas(^  of  impeifect  development  of  the  alKlominal  wall  at  this  point,  so 
that  a  more  or  less  extensive  area  of  th(»  abdominal  cavitj'  is  closed  in 
only  by  the  peritoneum  and  the  shcnith  of  the  umbilical  cord— that  is, 
the  amnion— which  an^  pushed  forward  by  the  abdominal  orpins  (Fig. 
'}8S),  there  is  produced  the  condition  known  as  omphalocele,  or  hernia 
funiculi  umbilicalis,  or  umbilical  hernia.  The  umbilical  cord  is  at- 
tached either  to  the  summit  or  at  one  side  of  the  hernial  sac,  and  is  more 
or  less  shortened. 

If  the  anterior  abdominal  walls  eitluM*  wholly  or  in  part  fail  to  unite, 
there  arise  those  conditions  which  ai<*  designated  fissura  abdominalis, 
or  gastroschisis  completa  and  thoracogastroschisis.  These  are  char- 
acterized by  the  undevelo])ed  abdominal  coverings  not  having  been  s<>pa- 
rated  from  the  amnion,  but  ])assing  into  it.  The  greater  part  of  the 
abdominal  organs  lies  in  a  siu*  formed  by  the  amnion  and  peritoneum 
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{rv4'nh'Htioft}.  Til**  ]u*ritninniiii,  h(>wc»vei\  may  also  iKi  wanting,  likewise 
thv  uinliiliosil  t*ord,  mid  IIil*  luiiliiliml  vessels  niay  put-sue  their  eonrse  to 
till:*  [jtai'(:'iita  JMdi'pendrtitly. 

A  rlefl  tnuiiijied  t<>  tJn^  thorax  is  ruUtHl  thoracoschjsis.  Shi  mid  the 
hoart,  njvered  only  with  pericartiiuiu  itv  wlioHy  fire,  luyinnlt*  ihrnn^h 
ail  i*i)eiiin«:  in  tlie  riudiat^  region,  the  ciuiditiiui  is  designated  ectopia 
cordis. 

Wlirii  the  fail*iri»  ti>  (  [us<»  is  routined  to  the  region  of  tlio  sternnui, 
the  eiiiiditioii  is  desi^iiutiMl  fissura  sterni.  Tliis  dtde(*t  may  iiividv** 
either  the  wholt*  m-  a  part  of  the  steriinia,  at  times  affecting  the  bones, 
at  other  times  only  the  sl<in. 

The  |H'otrnsion  of  ttie  urinary  Idadder  tlirough  a  cdetl  in  tlie  ahfiomi' 
nal  wall  is  known  as  ectopia  vesicie  urinaria. 

(lefts  <vf  ttie  abdominal  wall  are  not  infrequently  asHoeialed  with 
clefts  of  the  parts  lying  behind  the  wall,  not  only  in  the  ea><<*  of  large 
clefts  (total),  but  also  iii  the  eiise  of  smaller  ones  ( partial ).  \\ln*n  a 
cleft  of  tiie  lower  portion  of  the  alnl<nninal  wall  is  assoeiatetl  with  a 
cleft  of  tlie  urinary  irhnhter,  so  tliat  tlie  ptjsteritn'  wall  of  tlie  lallt^r  pro- 
ti^ndes  thriMigh   the  abdominal   lissiire   (Fig.    381),    c),   the  eonditiou   is 

known  as  fissura,  in*  exstrophia,  or  inverAio 
vesica  urinarlae.  Ueeasionally  the  jM^lvic 
girdle  and  tlie  uivt lira  are  also  elefl,  the  latter 
being  i'4^]UH*senled  by  a  g]-<»uv(*  t»prn  ante]"i4>rly 
(Fig,  ZH9,  r j.  Tla-  exstrojihy  is  then  s;iid  h» 
iHM-imipbeatod  by  a  fi5sura  genitalis  and  epis- 
padias, 

\\'hen  an  abdominal  hssnre  or  an  abdi^ininal 

and  vesical   fissure  is  eombined  with  a  (issnro 

of  till*  intestines,  thei-e  is  prodin-t*d  a  Ussura 

abdominalis  intestiiialis  or  vesicointestinal  Is. 

__^         *=«.c*t.._  "^^^  intestinal  tissnre  is  sil* 

*«>       _  c3^Jli /^ilk^Tv^t^  nateil  in  the  etemm   or  he- 

ginning  of  the  colon,  and 
the  mucous  mend) nine  of 
the  elet't  intestine  fU'otrudi*s 
throngh  the  4>poniiig  in  the 
same  nianiier  as  t lie  jmsterior 
wall  of  the  bladder,  s(»  that 
the  eimdilion  is  ealhHl  ex- 
strophia  or  inversio  intes* 
tini. 

I  f  1  Ih^  nnn>halomestnilei'ic 
dint  dot*s  iK^t  nnd<*rgii  its 
nurnial  iin ohition,  there  re- 
mains at  the  lower  end  of 
I  he  small  inte^itine  an  ap- 
pemlix  of  intestine  ealle<l 
Meckel's  diverticulum* 
wliirh  aris<»s  periRMidienlarly 
from  the  outer  margin  of  tin* 
intestine.  It  has  nsimlly  the  api>eamiu'e  nf  a  gh>ve  hnger.  and  is  either 
frcM*  at  its  end  or  attached  tt*  the  undvilieal  ring.  sometimf*s  l>eing  dilati*d 
at  its  end.  In  the  eas4*  of  adhositm  to  Ihe  umbilical  ring  the  inh»stinal 
Uiuetisa  may  appear  at  Hie  nave!  in  the  form  «»f  a  tumor  {txtopki  hiifMini, 
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adenomtf  tirnhHtrah^),     In  very  m^  cfiso8  a  cyst  liije<l  with  mncaiis  metii- 
bmiJL-  may  Ix^  tViniied  m  the  ii]>domiiial  \xM(mnph(domf\Hrnif'rirci/st). 

Coupniital  fistiihB  of  tlit*  urachus,  tiuit  is,  fistnhe  \yw^  witliiu*  the  uuj- 
bilicus  ajiil  roimertiiig  wilh  tlie  l>hi(](!er  by  a  fistulous  trarf,  dc^jioiid  upou 
an  iiii-oiapk^N*  oblitomlioii  of  'Ue  iinu'lnis' or  of  tlio  stalk  of  the iilJatitoia 
They  may  bo  assoeiat'ed  either  with  an  optm  or  a  closed  urethra. 


Firr.  3H».— FlMiim  Hlnlouilnb  et  v^^sltii?  itrloaiiii*  In  n  (rirl  Hlirbt*><*n  duysoltl.  a.  Bonier  of  the  jikln : 
b,  pejItiiTiriim :  c,  blatMer;  ti,  »maU  btatldtTHiavlty  correaiKmilliiif  lu  Lb«  trtiftinum  :  c*  trouirh-llke  un-ilini; 
f,  latiis  riilnuru. 


Tlie  clpvelopment  of  the  bmly-fonn  from  the  flat  embryonic  aolage  begins  hy a 
snariMjU' <«lf  of  tbi?  iiuiivithial  genu'lnyers  fmm  Ibe  oiitt^r  etubryoiml  art*tt,'aud  tlieir  fold* 
iiig  ti>  form  lwf>  tiibos,  ike  b+xiy-uiill  nml  Ibe  aUmpuhiry  eiinal. 

Tlie  iiifolUbig  of  ihvin*  layers  takes  phur  at  tlie  Cf pbahf  anU  canrlal  emls,  as  w»  11  as 
at  tlu?  lalvnil  purtlatis  of  tbe  embryouiil  aTiliig<\  and  as  Ibe  Riirnmits  of  the  folds  gradu- 
ally grow  ingetlier  from  ull  clireclioiiw,  tlinse  uhirh  forrti  tbe  b(Hly'Wall  prtMiuce  a  tube 
wbosu*  cavity  final fv  CiPtinauiileates  only  at  tin  panVtal  iimbihciis,  by  nveaiKS  iif  a 
rK"<hiijrle'like  proloiigfitlon,  with  the  ravity  of  Ibe  exlni-tMubrj'^onic  portioa  of  the 
blasKMjerm  known  iit  tbiH  lime  us  the  vitelbne  menjbrane.  While  the  lateral  and  ven- 
tml  walls  of  tbe  embryo  are  behi^  tlnij^  formed,  vvifliln  ibe  l>ody  the  intestinal  furmw 
also  c'Joses  to  form  a  tube,  wbieh  is  Id  eomnnminUiftn  al  only  oax^  point  lying  wilhin 
tbe  parietal  nmbiheijft,  known  aa  tbe  vjsieeral  imibilieiis,  with  the  cavity  of  tbe  umbili- 
cal vesicle,  by  means  of  a  cbiinnel  known  as  tbe  ompbaloniesenteric  duct. 

Umbiliral  lif'Tnia  and  eleftsof  tbe  upper  portion  of  the  abdominal  wall  an?  fre- 
quently  eombinetl  \;ith  cranioracbisehisia,  while  exstrophy  of  the  bladder  and  intestine 
ifl  often  associated  with  my elocyatoeele.  According  to  v^tn  Herklinijhfttisen^  the  two 
malformations  are  to  lie  regarded  as  f-oilrrfinated  witb  each  other.  Ftirtber.  large  ab- 
dominal clef  Ls  are  often  asscx^ia  ted  Willi  lordniie  and  scoliotic  enrvutures  of  the  spinal 
column. 

Literature* 

{Chfis  of  Thorade  amf  Ahdominn}  WaUx  :  MrcM' 8  I>ivetiieuhim  ;  Ectopia 

IntmtinL  ) 

AacboflF:  Verhliltuiss  d.    Leber  u.  d.    Zwerch fells    z.    Nal)elschriurbrachen.     Virch. 

Arcb.,  144  Bd  .  1896  (Lit.  l 
Cliaudelux:  Observation  pour  servir  ft   Fhl^stoire  de  1  exomphale.     Arch.   d.    phva.« 

viil,  1881.  '    J 

Herzog^;  Die  KUckbildung  des  Nabcls  u.  d*'r  Nabelgefflsse,  Mtlncbcn,  1892, 
Jahn:   rnicbusristeln.     Btnlr.  v,  Bruus.  2fi  B<1.,  1«00  (Lit.). 
Klautsch:  Baueh  spat  ten.     Cbl.  allg.  Path.,  vi.,  1895. 


MALFORMATIONS   OK   EXTERNAL   GENITALIA. 


523 


Huatner:  Das  Ailenom  iiiid  iIil*  GniiiulalionBgesc'liwiilBt  am  Natie].     ArcL   f, 

ix,  1877;  Virdh  Arcb.,  61)  m,  Ls77. 
Preisz.  Uvb,  d.  sog,  NuIr- laden. irii.     jHlirln  f.  KiodLrhdlk,,  33  BfL,  1891. 
V.  Becklinghauseu :  fc>pmii  bittdn.     Virch.  Arch..  10.5  liil.,  IHM6. 
HiBchpler:  Drui  FiUle  von  Eveiitmtion,     An-li.  f.  FAitwlckvhm^^nwvlh,  vu.  189?^ 
Sauer:  Prukps  eiues  olTenea  MeckerHcht'ii  Divertikelii,     Deut,   Zeitst'hr.   f.  V\ 

Bd.,  \mi. 
Scliild    C'tnigcn.  EkUipir  dtr  Hurnbln^t'.     Arb.  a.  d.  puth.  Institute  in  Mnnchtii 
Sie^nbeek  van  Heukelom:  Die  One'ie  dir  Kktojjia  vcnirtPuU  am  Nalwl 

Anh  .  in  ud.,  mm. 

TillmaanB:  Angcb.  Pr<jla|m  ibr  Magcu8*'hleimlmul  clurcb  den  Nabcdring  ium\ 
S(jQstit;e  Gfscbwillsre  iniil  Fistt'lii  dcH  Nubcls.     Dt-ut.  Zpitfichr.  f.  Cliir.,  xviii. 
Vejas:  Eim*  selt^jne  Misshildnng.     Vinii.  Arcb.,  11*4  Jid.,  \HH\l 
Zumwinkel:  Subcutane  Dtittt^rgangscyste.     LiiDgenb<?ek's  Andi.,  40  Ud.,  IH*K), 


Gyn., 


(UiA 
ir,  44 

.1886. 
Vircb. 

1  i\heT 
1883. 


(f)  Mal/omutthtts  of  thr  Kxitnud  U  (nit  (dm  ami   Attn  ft,   due  to  An'fftted 

DerfiopmniL 

%  137.  Mai  format  ions  t)f  varying' degree*  of  tlic*  external  genitals  may 
be  a^ssoeiated  with  mall'iiritiatinn.s  of  thc^  abdoiiiiiial  wM,  bhiddrr,  uiid 
the  internal  p*nitiil  origans,  or  inay  oceiir  indepeydfully  of  llieHt\  Com- 
plete absence  at  the  external  genitalia  ooeiirs  most  fi-eqiieritly  in  L^m- 
lu'viUm  with  other  nmlformjdiojis  of  this  rt^j^ion,  partit^ularly  in  the  ea.se 
of  sJretRanelia,  yet  tlie  reji^non  inny  in  jjfeneral  ]>reseiit  also  a  imnnal 
strnetnre  (  Fi*::,   <^92)*     The  inleriial  i^^rnitals  atv  nsnally  also  inalfinnied, 

A  stunted  condition  td'  the  penis  is  not  raie,  the  orj^an  in  eoiise* 
qneiiee  <*iiming  to  resmilde  more  <n' less  tlie  elitoris.  Tills  eondition  is 
usually  assoeiated  witli  a  hypospadias — that  is,  the  n  ret  lira  opens  on 
the  uuder  side  of  tlieorican,  either  lH*neath  the  i^laus,  the  body  or  tlie 
root  of  the  i>enis(Fig.  *i90),  or  fnially  e\'eH  behind  Uie  serfdiim  ihifpo- 


^ 


FHJ.  »W.-H 


. I  Wllh  rtimttnjr  «>f  lh*»  ppnl*. 


HpadlaH  perineoHrrot(difi).  These  malformations  may  exist  in  i^'oises 
otherwi.s(*  normally  flevelopetl,  and  dejMMid  n|Hin  a  partial  ladui'e  of  the 
sexual  furrow  to  elosi*. 

Epispadias  (  Fi^^  301 J  is  thateouditioii  iu  whieh  the  urethnil  opeuiit|j 
is  fonnrl  npou  the  dorsnm  of  the  ]>eni8.  It  is  more  rare  than  hypo- 
spadias, and  is  dependent  upiin  a  defeetive  or  thdayed  elosnr*' of  the 
jwdvis,  so  th;;t  the  rloaeii,  before  the  ehisnre,  lieeomes  divhletl  intoau 
intestinal  {amdj  and  a  genital  oiM^uiug  rnners<-hj,      l"mk*r  eetlain  (*ou- 
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ditions  the  i>eDis  remains  cleft  throughout  its  entire  length ;  at  the  same 
time  a  fissure  of  the  bladder  and  abdomen  may  be  present. 

Hypertrophy  of  the  prepuce  is  not  rare.     If  the  preputial  opening 
is  nan-owed  so  that  the  prepuce  cannot  be  drawn  back  over  the  glans, 
the  condition  is  designated  a  hypertro- 
phic phimosis.     Total  absence  of  the 
prepuce  is  rare ;  an  abnormal  shortness 
is  more  frequent. 

Defective  development  of  the  scro- 
tum is  usually  associated  with  retention 
of  the  testicles  in  the  abdominal  cav- 
ity or  in  the  inguinal  canal,  and  leads 
to  appearances  whereby  the  external 
genital  organs  of  the  male  come  to  re- 
semble those  of  the  female,  esjiecially  so 
when  the  penis  is  also  stunted. 

In  the  female  the  clitoris  as  well  as 
the  labia  majora  and  minora  may  show 
a  stunted  development.  Epispadias 
and  hypospadias  occur  also  in  the  fe- 
male sex,  the  former  coiiicidently  with 
a  fissure  of  the  abdominal  and  bladder 
walls  (Fig.  389).  In  hypospadias  a 
portion  of  the  posterior  wall  of  the  ui-e- 
thra  is  lacking,  and  the  urethral  open- 
ing may  l)e  found  at  a  greater  or  less 
distance  within  the  vagina. 

Absence  of  the  urethra  occui-s  in 
both  s<»xes  (Fig.  392).  In  girls  the 
bladder  may  opou  directly  into  the 
vagina. 

Closure  (atresia)  of  the  urethra 
ocelli's  likewise  in  both  sexes,  and  re- 
sults cither  from  a  partial  defect  of  the  siime  or  from  obliteniticn  of 
the  oiitice.  An  accumulation  of  urine  in  the  bladder  may  lead  to  a 
markc<l  dilatation  of  the  same  (Fig.  392). 

All  abnomal  narrowness  of  the  urethra  may  exist  in  a  portion  of 
its  course  or  throughout  its  entire  length.  Further,  its  lumen  may  he 
narrowed  as  the  result  of  a  hypertrophic  development  of  the  colliculus 
seniinalis. 

In  rare  cases  multiple  orifices  of  the  ui-ethra  have  been  observed. 
Further,  in  men  there  may  Ik*  found  in  the  glaiis  penis  a  blind  tube 
lying  l)cside  the  urethra. 

Atresia  ani  simplex  is  a  closure  of  the  anus,  the  intestine  being  at 
the  sjinie  time  well  develo])ed.  It  may  arise  from  a  failure  of  the  ecto- 
deriii  to  fold  in  at  the  anal  site,  or  a  cloaca  already  existing  and  open- 
ing outwar<l  may  again  becimie  cIoschI  through  subsequent  adhesions 
(  Frank  ).  J(  the  rectum  does  not  end  immediately  above  the  anal  mem- 
brane but  higher  up,  there  exists  in  addition  to  the  atresia  ani  also  an 
atresia  recti,  a  malformation  which  may  occur  even  when  the  anus  is 
well  <l(»velo])ed. 

When,  with  absence  of  the  anus,  there  is  also  an  arrested  development 
of  the  vaginal  wall,  which  grows  downward,  between  the  sinus  urogeni- 
talis  and  intestine,  to  unite  with  the  ])eriiieum,  there  i-emains  a  cloaca 


Fig.  S9S.— Complete  abeenoe  of  the  ureClum 
and  external  Kenftala,  with  extreme  dis- 
tention of  the  body  due  to  an  enormous  dil- 
atation of  the  bladder.  Compression  and 
stunting  of  the  lower  extremities.  (In  the 
posterior  wall  of  the  bladder  rudiments  of 
a  female  (renital  apparatus  In  the  form  of 
portions  of  the  tubes  and  ovaries  were 
found.  I 
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in  which  the  sinus  urogenitalis  and  the  end  of  the  bowel  unite.  In 
other  cases  there  are  found  fistulous  communications  between  tlie 
rectum  and  the  bladder  or  urethra  (in  boys)  on  the  one  hand,  or  be- 
tween the  rectum  and  the  vagrina  or  uterus  on  the  other  {atrenia  ani 
vesicalis,  urethralis,  vagindlis,  tUerina). 

In  rare  cases  the  intestine,  in  the  case  of  anal  atresia,  may  open 
outward  by  means  of  external  fistulas  in  the  perineum,  scrotum,  or 
sacrum.  Further,  external  fistulie  below  the  anus  may  occur  as  remains 
of  the  post -anal  gut. 
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(/  )  Maffonnathns  of  the  Extremities  due  to  Arrested  Development, 

§  138.  Defective  development  of  the  extremities  is  not  rare,  and  is 
to  be  referred  in  part  to  a  primary  defect  of  the  anlage  of  an  exti^niity, 
in  part  to  a  disturbance  in  the  later  development  of  the  limbs  or  the 
bones,  and  in  part  to  constrictions  caused  by  strands  of  the  foetal  m<»m- 
branes  or  by  loops  of  the  umbilical  cord.  Further,  such  defective  devel- 
opment of  the  extremities  niav  also  follow  malformations  of  the  central 
nervous  system.  According  to  the  degree  and  the  kind  of  malformation, 
the  following  diflferent  forms  may  be  distinguished: 

(1)  Amelns,  The  exti-emities  are  completely  absent;  in  their  place 
are  found  only  wartv  or  stump-like  rudiments.  The  trunk  is  usually 
well  formed  (Fig.  393). 

(2)  PeromeluH,     Stunting  of  all  the  extremitiCvS. 

(3)  Phoeomehts.  The  hands  and  feet  are  alone  developed  and  are 
attached  directly  to  the  shoulder  and  pelvis  resi^ectively. 

(4)  Mierovielns  {mierobraehiuSy  micropus).  The  extremities  are  devel- 
oi)ed,  but  are  abnormally  small  (Fig.  394). 

(5)  Abraehi UH  iiud  Apus.  Absence  of  upper  extremities  with  well- 
developed  lower  ones,  or  riee  rerm, 

(6)  Feiobrachius  and  Feropus.  Stunting  of  the  upper  or  lower  ex- 
tremities. 

(7)  MonobracMuH  or  Monopus.  Absence  of  one  of  the  upi^er  or 
lower  extremities. 
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(9)  Absence  of  indimdual  hones  may  occur  in  any  part  of  the  extremi- 
ties (Fig.  397). 

(10)  Perodactyli»in — stuiding  of  the  fingers  or  toes — ^appears  in  a  great 
variety  of  forms,  but  in  general  is  seen  as  a  defective  development 
(hrachyphdUinffisni)  or  complete  absence  of  individual  phalanges  (Figs. 
397,  399,  401,  r),  or  as  membranous  (Fig.  398)  or  bony  (Figs.  399,  401, 
dy  e)  connections  between  the  lingers  {symlaciylimn).  . 

If  only  the  outer  fingers  or  toes  ai'e  developed  while  the  middle  ones 
are  lacking,  there  arise  those  formations  (Figs.  400,  403)  designated  as 
defl'hand  and  cleft-foot  (Kiimmel).     In  more  extensive  malformations 


Fl<;.  402.  FIO.  403. 

Fig.  -KL'.-  reropus  or  rloft-foot.     (Aft«'r  Otto.)     Rljyht  fiwt.    a,  (ireat  tm* ;  />,  little  U>v. 

Fui.  4(CI.— Skeleton  of  tho  f(x>t  in  Fijr.  40*^.wen  fn»ni  tJu'  dorsal  side,  ri,  dreatto*';  h,  little  t4»e;  f, 
rudiment  of  third  t<M»;  r/,  tibia:  (\  fibula;  /.  talus;  ^',  oalraneus;  .^  cw  navicular**;  A,  <«* ruuelfonne  uiajus; 
.",  OS  eunelfonne  minus ;  <K  os  cuueiforme  lertluin ;  r,  os  euhifonne. 

of  the  fiii^eis  Wwny  occur  in  part  also  malformations  and  defects  in  the 
region  of  the  tarsjil  and  nietatarsjil  bones  (Fig.  41)3)  or  curpal  and  meta- 
carpal bones  res])ectively.  These  malformations  are  designated  resptn*- 
tiv(»ly  'dsperopiifi  and  perovhiruH,  AbsiMice  ()f  the  hand  or  foot  is  known 
as  achh'UH  or  apus. 
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Ra8(^':  Syndactylie  und  Polydactylie.     Beitr.  v.  Bruns,  xviii.,  1897. 
Sennert:  Beitr.  zur  Kenntniss  v.  d.  Missbildungen  der  Extremitftten,  Leipzig.  1882. 
Buge:  Sirenenbildung.     Virch.  Arch.,  129  Bd.,  1892. 

SdSlfer:  Congen.  Defecte  von  Hftnden  und  FQssen.     Beitr.  v.  Bruns,  vii.,  1891. 
Steinhaus:  Congenitaler  Tibiadefect.     Virch.  Arch.,  163  Bd.,  1901. 
Steinthal:  Ueber  angeb.  Mangel  einzelner  Zehen.     Virch.  Arch.,  109  Bd.,  1887. 
Strieker:  Ueber  angeb.  Defect  des  Radius.     Virch.  Arch.,  31  Bd..  1864. 
Teacher  and  Coats:  Siren -malformation.    Journ.  of  Path.,  iii.,  1895. 
Tschudi:  VoUst.  Verwjichsimg  aller  5  Finger.     Zeitschr.  f.  Chir.,  35  Bd  ,  1898. 

§  139.  Among  the  abnormal  po8iti(ms  of  the  extremities  cong^enital 
luxations  (slipping  of  the  articular  heads  from  their  sockets)  are  of  es- 
]>ecial  interest.  They  are  most  common  at  the  hip-joint,  more  rare  at  the 
elbow-,  shoulder-  and  knee-joints.  According  to  von  Amnion,  Grawitz, 
Kronlein,  and  Holtzmann,  the  congenital  luxations  are  in  part  due  to 
local  arreds  of  di'velopment,  but  may  also  be  the  result  of  mechanical  in- 
fluences. In  the  case  of  the  hip-joint  the  disturbance  of  development 
results  in  a  small  and  imperfect  acetabular  socket,  and  the  head  of  the 
femur  is  usually  more  or  less  imperfectly  developed.  The  small  acetab- 
ulum lies  in  the  normal  position,  but  the  head  of  the  femur  is  disphu*ed, 
most  often  backward  (luxatio  iliaca).  At  birth  the  ligamentum  teres  is 
always  intact,  and  the  capsule  of  the  joint  covers  both  the  head  of  the 
femur  and  the  acetabulum.  After  much  use  of  the  leg  the  ligamentum 
teres  becomes  stretched  and  may  teiir,  the  cax)sule  becomes  dilated  and 
bag-like,  and  at  the  point  where  it  is  pressed  against  the  bone  may  be- 
come perforated.  A  new  joint  may  then  be  formed  through  the  prolif- 
eration of  the  surrounding  tissues. 

Abnormal  positions  of  the  feet  and  hands  are  to  be  referred  partly 
to  disturbances  of  development  and  partly  to  mei*hanical  influences 
exerted  upon  the  extremities  during  their  growth.  The  most  important 
is  cong^enital  club-foot  (pes  equinovarus),  which,  according  to  Esch- 
richt,  is  to  be  i^efein^d  to  an  arrest  of  development,  by  which  the  foot  is 
left  in  the  fa»tal  position,  with  accompanying  abnormal  development  of 
the  bones  and  their  articular  surfaces.  The  inner  lM>nler  of  the  foot  is 
34 
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sharply  elevated,  and  the  foot  at  the  same  time  brought  into  plantar 
flexion'.  The  eollnm  tali  is  elongated  in  an  anterior  and  inferior  direc- 
tion (Hiiter,  Adams).  If  the  children  thus  afflicted  learn  to  walk,  they 
tread  upon  the  outer  side  of  the  foot,  which  thereby  becomes  flattened, 
while  the  foot  becomes  still  more  sharply  turned  inward. 

Congenital  club-foot,  though  usually  to  be  regarded  as  a  primary  dis- 
turbance of  development  of  the  aflFected  joint,  may  also  under  certain 
conditions  be  caused  by  an  abnormal  preHtsure  due  to  a  relatively  small 
uterus  (Volkmann).  Under  these  conditions  develop  also  those  patho- 
logical positions  of  the  foot  known  as  pes  calcaneus  and  pes  val^^s, 
which  are  characterized  partly  by  strong  dorsal  flexion  and  partly  by 
an  outward  twisting  of  the  foot.  Frequently  the  evidences  of  the  press- 
ure to  which  the  feet  have  been  subjected  are  seen  in  an  atrophic  con- 
dition of  the  skin  and  portions  of  the  bones. 

The  position  of  the  hand  known  as  clubbed-hand  or  talipomanus  is 
caiLsed  by  a  rudimentary  development  of  the  radius,  and  is  usually  asso- 
ciated with  other  malfoi-mations. 
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V.  Axninon:   Die  congen   chir.  Krankh.  d.  Menschen,  Berlin,  1842. 
Bessel-Hagen :  Pathologie  u.  Therapie  des  Klumpfusseb.  Heidelbei^,  1889. 
I>eber8aque8 :   Pathog^niie  du  pied  hot  congdn.     Ann.  de  la  Soc.  de  mdd.  de  Gand, 

1891. 
Bollinger:  Congenitale  luxation.     Langenbeck's  Arch.,  xx.,  1877. 
Grawitz:  I'rsachen  d.  angeb.  Huftgelenkverrenkungen.     Virch.  Arch.,  74  Bd.,  1878. 
Hirsch:  Die  Entstehung  d.  angeb.  Hiiftverrenkung.     Virch.  Arch.,  J 48  Bd.,  1897. 
HoU:  Plattfuss.     Langenbeck's  Arch.,  xxv..  1880. 

Holtzmann:  Die  Entstehung  d.  congen.  Luxationen.     Virch.  Arch.,  140  Bd.,  1895. 
Joachimsthal :  Hiiftverrenkung.     Eulenburg's  Jahrb.,  ii.,  1902. 
Kirmisson:  Chirurg.  Krankheiten  angeb.  Trspnings,  Stuttgart,  1899. 
Kocher:   Khnnpfu.ss.     Deut.  Zeitschr.  f.  Chir.,  ix.,  1870. 
Kronlein:  Luxationen.     Deut.  Chir.,  26  Lief.,  1882. 
Liorenz:   Pathologie  u.  Therapie  der  angeb.  Hiiftverrenkung,  Wien,  1895. 
Messner :  Knochenveraml.  bei  Pes  calcaneus  congen.    Arch.  f.  klin.  Chir.,  42  Bd.,  1892. 
Michaud:  Pied  hot  congenital.     .Arch,  de  phys..  iii..  1870. 
MuUer:    Congen.  Luxation  im  Knie.     Arh.  a.  d.  chir.  rniversitatspolikl.  in  Leipzig, 
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2.  Abnormal  Position  of  tiii:  Intkknal  Organs  and  of  the 

extrkmitiks. 

$5  140.  Of  the  abuormal  positions  of  the  internal  organs,  the  mast  \i^^' 
portant  is  the  one  known  as  situs  inversus  viscerum — i.e.,  a /^rf^/**^ 
fnnhspofdtion  of  the  internal  orr/ans,  so  that  Ww  position  of  the  thoracic  ai-"*^ 
abdominal  organs  forms  a  miiror-image  t>f  the  normal  position.  Tl"*^.* 
condition  has  b(»en  observed  both  in  donble  monstei*s  and  in  single  iu^3^' 
vidnals.  It  nniy  \h*  r(\stricted  to  the  heart  alone,  or  to  the  abdomii--'*^ 
organ.s,  or  more  rarely  to  a  ])art  of  the  bitter  {situs  irreffulatis),  but  t:  ^^ 
last  is  ran^  In  gcMieral,  abnormal  ]>ositi(»ns  oeenr  especially  in  the  cs:'*-'^ 
of  the  abdominal  organs.      For  e\am|)l(\  the  kidney  is  not  infi'equeii'^^i^ 
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found  ill  an  abnormal  position  (^dystopia  rents),  usually  abnormally  low, 
so  that  it  approaches  the  sacral  promontory  or  lies  in  front  of  the  same. 
The  testis  is  not  rarely  retained  within  the  abdominal  cavity  (ectopia  in- 
tema,  or  abdominalis  testis,  or  cryptorchismm),  or  within  the  inguinal  canal 
(ectopia  inffuinalis),  or  at  the  extenial  ring  (ectopia  pvMca),  or  in  the 
fold  between  the  thigh  and  scrotum  (ectopia  cruroscrotalis),  or  in  the  peri- 
neal region  (ectopia  perinealis),  or  in  the  fold  of  the  groin  (ectopia  cm- 
ralis).  Abnormal  positions  of  the  intestines,  particularly  of  the  colon,  are 
not  rare. 


(Situs  Inversus,) 

Allmaras:  Ein  Fall  v.  Situs  transversus  partialis.     I.-D.,  Freiburg,  i.  Br.,  1904. 

Ameill:  Transposition  of  the  Viscera.     Amer.  Jour,  of  Med.  Sc,  1902. 

Buhl:  Transposition  d.  Einireweide.      Mitteil.  a.  d.  path.  Inst,  zu  Miinchen,  1878. 

Qeipel:  Situs  transverus.  Festschr.  z.  50-jahr.  Bestehen  des  Krankenhauses,  Dres- 
den, 1899. 

Kipper:  Situs  transversus.    I.-D.,  Marburg,  1896. 

KoUer:  Situs  viscerum  inversus.     Virch.  Arch.,  156  Bd.,  1899. 

Kuchenmeister:  Die  angeb.  vollst.  Verlagerung  d.  Eingeweide  d.  Menschen,  Leipzig, 
1883. 

Lochte:  Zur.  Kenntn.  d.  Situs  transversus  partialis.  Beitr.  v.  Ziegler,  xvi.,  1894; 
Situs  viscerum  irregularis.    lb.,  xxiv.,  1898. 

MartizLOtti:  Delia  transposizione  laterale  dei  visceri,  Bolc^a,  1888. 

Wehn:  Zur  Frage  d.  Situs  transversus.      Virch.  Arch.«  98  Bd.,  1884. 

3.  Malformations  due  to  Excessive  Growth  or  Multiplica- 
tions OF  Organs  or  Body-parts. 

g  141.  The  malformation  known  as  general  giant  growth  occurs  as 
the  result  of  an  excessive  growth  of  the  entire  body,  either  during  intra- 
uterine life  or  later.  During  extra- uterine  life  such  an  abnormal  growth 
may  occur  that  the  size  of  the  affected  individual  may  far  exc^d  the 
maximum  normal  limits. 

Partial  giant  growth  may  also  take  place  during  intra-uterine  life  or 
after  birth.  The  hejui  and  portions  of  the  extremities  are  usually  af- 
fected. A  unilateral  giant  growth  is  usually  restricted  to  the  half  of  the 
face  or  to  one  extremity,  but  in  very  rare  cases  the  hypertrophy  may  in- 
volve all  the  parts  of  one  side:  face,  trunk,  and  extremities.  In  extra- 
uterine life  trauma  sometimes  gives  the  impulse  to  a  pathological  excess 
9f  growth. 

Should  the  other  tissues  become  so  increased  in  any  portion  of  the  body, 
the  extremities,  the  trunk,  or  face,  that  malformations  resembling  the 
8kin  of  the  pachyderms  are  produced,  the  abnormal  growth  is  designated 
elephantiasis  (see  §  76,  Figs.  130,  131).  The  increase  in  mass  may  de- 
pend upon  a  new-formation  of  connective  tissue  or  adipose  tissue  or  of 
blood-vessels  or  of  lymphatics.  When  the  thickened  regions  are  sharply 
circumscribed  the  formation  is  regarded  as  a  tumor  and,  according  to  its 
structure,  is  classed  with  the  angiomata,  lymphaugiomata,  or  fibromata 
(see  sections  treating  of  these  tumors). 

Circumscril)ed  hypertrophies  of  the  bones  occur  in  various  portions 
of  the  skeleton,  and  are  sometimes  multiple.  The  bones  of  the  skull 
iis  well  as  those  of  the  face  may  be  thus  affected,  and  there  occur  cases 
in  which  the  hypertrophy  of  the  bone  may  be  so  extensive  that  one  or 
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both  of  these  I'egioiis  may  show  marked  disfiguratiou,  aud  there  are  pro- 
duced conditions  which  are  known  under  the  general  term  of  leanHofn* 
(mea  (Fig.  137).  Circumscribed  hypertrophies  of  the  bones  lead  to  the 
formation  of  osteomata  or  exo^oaes,  which  are  often  multiple.  On  the 
trunk  and  extremities  local  growths  of  bone  may  lead  to  the  enlargement 
of  single  bones  as  well  as  to  the  formation  of  atypical  excrescenc^t^ 
known  as  osteomata  and  exostoses,  which  are  not  infrequently  multiple. 
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(Giantutm.) 

Andersen;  Hiesenwuchs  der  ExtremitAteu.     St.  Thorn.  Hosp.  Rep..  London,  1888. 
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Fiflcher:  Riesenwuclis  der  Ex tremitaten.     Deut.  Zeitschr.  f.  Chir.,  xii.,  1880. 
Frftnkel:  Makrosomia.     Virch.  Arch  .  46  Bd..  1869. 
Friedbergr:  Riesenwuchs  der  Extremitftten.     Ib.,40Bd.,  1867. 
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Hals:  Makrodaktylie.     D.  Zeitschr.  f.  Chir.,  87  Jid.,  1  I :; 
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See  also  §  76. 

§  142.  The  occurrence  of  supernumerary  organs,  or  of  a  multipli- 
cation of  parts  of  the  skeleton,  and  of  the  muscular  system,  is  relatively 
frcHiueiit.  Such  phenomena  are  to  l)e  attributed  in  part  to  a  cleavage  or 
multiple  appearance  of  the  ^iven  aulage,  and  in  part  to  a  more  marketl 
development  or  persistence  of  orpins  which  normally  remain  in  a  rudi- 
mentary state,  or  undergo  retrogression  during  the  i)eriod  of  growth. 
FurtluM-,  certain  of  the  conditions  included  under  this  head  may  be  re- 
garded as  revfrtiionii. 

I.  Duplications  of  the  extremities.  A  duplication  of  an  entire  ex- 
tremity without  the  duplication  of  the  pelvic  or  shoulder  bones  has  not 
l>een  observed  in  man.  Duplication  of  the  hands  and  feet  is  very  rare 
(Fig.  404),  but  a  number  of  cases  are  reported  in  the  literature.  The 
nundx^r  of  lingers  may  reach  nine  or  ten. 

]\[uch  more  frequent  is  a  multiplication  of  the  fingers  ( polydacty  I - 
ism)  on  a  single  hand  (or  foot  respectively),  in  which  condition  the  super 
numeniry  fingers  (or  toes)  are  attached  in  part  at  the  ulnar  or  radial  side 
(or  tibial  and  fibular  sid(\s  respectively),  or  in  part  intercalated  between 
the  others  (Figs.  401,  a ;  405).  Often  the  fingei'sare  duplicated  only  in 
l)art — that  is,  j^y  the  cleavage  of  the  first  or  the  first  and  second  terminal 
joints  (Figs.  40(5,  407).  Thos<»  attached  at  the  nuirgin  of  the  hand  may 
be  well  developed  (Fig.  405)0?  rudimentary.  Occasionally  they  api)ear 
as  small  pedunculated  fibnms  tumors.  In  the  fully  developed  8Ui)er 
inimerary  fingers  or  toes  the  phalanges  (Fig.  405)  nmy  articulate  with 
the  metacarpal  or  metatarsal  bones  of  a  neighboring  finger  or  toe,  or  with 
their  own  (supernumerary)  carpal  or  tarsid  bones  (Fig.  401,  5a).  Poly- 
dacty lism  in  certain  cases  is  inherited  and  is  therefore  dependent  upon 
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iutrinsic  causets.     In   individual  cases  polydactylism  occurs  as  an 
heritable  condition  and  is  therefore  dependent  upon  intrinsic  causes. 


lU- 


VUi.  4iH.  FIO.  4(15. 

Fio.  404.— Polydactylism  with  forking  of  tbe  hand.    (After  Lanoereaux.) 

Pig.  4(15.— polydactylism  in  a  new-born  child.    Skeleton.    Duplii*ation  of  the  phalaniira  of  the  fourth 
and  fifth  flnjn*rs.    NHtiiml  size. 


Fig.  4(Ki. 
Fio.  408. -Polydactylism  and  syndactylism  of  the  left  hand. 
Fio.  407.— Polydactylism  and  syndactylism  of  the  ri|?ht  foot. 


Fig.  407. 
Reduced  one-Ofth. 
Reduced  one-flfth. 
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2.  Supernumerary  nipples  and  breasts  (hy perihelia,  hyper, 
mastia)  are  not  uucomniou  malformations  in  both  sexes,  and  are  prob- 
ably to  be  regarded  as  a  reversion  to  polymastic  racial  ancestors.  The 
supernumerary  organs  are  usually  situated  on  the  thorax,  along  two  lines 
converging  from  the  axillary  to  the  inguinal  legions,  but  in  rare  cases 
they  may  be  found  elsewhei'e — in  the  axilla,  on  the  shoulder,  on  the 
abdomen,  back  or  thigh.  They  are  usually  small,  but  in  the  event  of 
pregnancy  may  take  on  functional  activity.  The  number  of  the  nipples 
may  reach  as  high  as  ten. 

3.  The  formation  in  men  of  breasts  resembling  those  of  women 
(gynascomastia)  is  rarely  seen  in  well -developed  men  with  normal  sex- 
ual apparatus  (see  Hermaphrodism,  §  143),  but  it  not  infrequently  hap- 
l>eiis  that  the  male  breast  undergoes  a  moderate  enlargement  at  the  time 
of  puberty. 

4.  Duplication  of  the  penis  is  of  very  rare  occurrence,  and  may  be 
associated  with  the  formation  of  two  urethr®  having  independent  open- 
ings into  the  bladder,  and  with  two  scrota,  the  two  penises  being  typi- 
cally developed  (Lange). 

5.  Supernumerary  bones  and  muscles  are  of  frequent  occurrence. 
Supernumerary  vertehrce  may  be  found  in  any  part  of  the  spinal  column ; 
and  at  its  lower  end  may  in  rare  cases  cause  a  lengthening  of  the  column, 
resulting  in  the  formation  of  a  tail.  According  to  Virchow,  three  forms 
of  tails  may  be  distinguished:  true  tails  containing  bone«;  false  or  im- 
perfect tails  which  represent  an  elongation  of  the  vertebral  column, 
but  contain  neither  cartilage  nor  bones  (so-called  pig's-tail)  ;  and  tail-like 
appendages  of  skin  which  consist  of  different  forms  of  tissue,  and  in  part 
are  to  be  classed  with  the  teratouiata.  The  true  tails  ai-e  very  rare ;  ac- 
cording to  Bartels,  they  are  more  often  the  result  of  a  separation  or 
elongation  of  the  vertebne  than  of  an  increase  in  their  number. 

Eeduplication  of  the  phalanges  of  one  finger  is  very  rare. 

Supeniumn-an/  ribs  in  tlie  neck  or  hnnbar  region,  as  well  as  a  forking 
of  the  ribs,  are  not  iJire. 

Supcrnuinrrari/  teeth  also  occur. 

G.  Duplication  or  cleavage  of  the  anlage  of  the  thoracic  and  abdom- 
inal organs  occurs  most  frequently  in  the  case  of  the  spleen,  panci-eas, 
adrenals,  ureters,  pelvis  of  tlie  kidneys,  and  lungs,  more  rarely  in  case 
of  the  ovary,  liver,  kidney,  t(\sticle,  and  bladder. 
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4.  True  and  False  Hebmaphrodism. 

g  143.  The  fact  that  the  sexual  organs,  both  the  sexual  glands  and 
the  external  genitals,  of  both  sexes,  develop  from  originally  similar 
anlage  which  contain  the  beginnings  of  all  the  sexual  organs  of  both 
sexes,  makes  it  a  prion  probable  that  msilformations  might  result  through 
unequal  development  of  the  anlage  of  the  right  and  left  sides,  or  through 
a  simultaneous  development  of  organs  peculiar  to  both  sexes,  or  finally 
through  a  lack  of  harmonious  development  of  the  external  and  internal 
genitals. 

Those  malformations  which  are  to  be  referred  to  some  one  of  the  factors 
named,  and  which  are  characterized  by  the  fact  that  the  sexual  apparatus 
of  a  single  individual  contains  part^  belonging  to  both  the  male  and 
female,  are  grou])ed  under  the  designation  hermaphrodismus.  When 
both  sexual  glands  (testis  and  ovary)  are  present  the  condition  is  called 
hermaphrodismus  verus  (hemiaphrodi«mu8  glandularis,  Hiegeubeek  van 
Heukelom).  If  the  mixing  of  sexual  characteristics  consists  merely  of  a 
combination  of  male  and  female  genital  passages  with  the  external  geni- 
talia of  the  opposite  sex,  the  condition  is  known  iis  pseudohermaphro- 
dismus.    The  true  sex  is  determined  by  the  nature  of  the  sexual  glands. 

The  body  build  of  hermaphrodites  frequently  shows  a  curious  mixture 
of  male  and  female  characteristics.  For  example,  the  breasts,  neck,  and 
shoulders  may  correspond  to  the  female  type,  w^hile  the  development  of 
the  beard,  face,  larynx,  and  voice  may  correspond  to  the  male  type.  In 
false  hermaphrodites  the  body  characteristics  do  not  always  correspond 
to  the  true  nature  of  the  sexual  glands ;  a  male  may  resemble  a  female, 
and  vice  v^rm. 
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Tlie  f Mowing  chieff  types  of 


1  jT  be  disdngoislied : 


iitertilU.  or  de>uble^4ided  hemiAf^krodisn.  b  efaanctmard  bj  the  pmenoe  oq  bolh 
4fedi  of  both  ovftTT  *Dd  testis,  or  the  praence  on  both  9de&  of  an  occaa  caotainiii^  both 
•ivaran  azid  testicular  tisue.  Hepprt^  adaeru  that  in  »  niDCHToathBi-ald  child,  InTingr 
.^ermaphrr^iitic  external  senitaLf.  with  vacina.  uterus,  azid  tubes,  both  OTUf  and 
'.#-atu  were  foiiod  in  the  broad  hcaunent:  epididymis  azki  v»s  ^lefeigns  wece  wanting. 

2.  Hfrmapknriifmnu  nryj  ujt42a<«ns/i>.  or  ooe-»ieii  hermaphiodiBn.  is  that  eon- 
iition  in  whirii  upon  one  s^ie  there  exists  bat  one  sexual  giuKl.  while  on  the  other 
'«^>th  test u  and  ovary  are  present.  SaUn  h&s  reportdj  a  case  of  a  woman  of  fofftj-thiee 
yf:%n  of  aee.  who  hvi  menstruated  mce  her  seventeenth  year,  in  whom  there  was 
:  ''in-i  tipfjo.  the  riehr  «i'ie   castration  rm.  accwxnc  t-if  uterine  mynma    a  hermaphroditie 


«»-n.;rj».>:  'f,  hvr^n :  •.  «-«naLLi  up«*-oita:S:  •'.  biA-Mrr:  •;.  Tacina:  /i,  uit^rus:  hj.  Wi  utertDebom:  C 
.r-ft  r.i'*.:  t..  :r:f  jr-'l-f-rfi.  .-.  •  f  >ft  tut«=-:  *..  >ft  r-Tarr :  I.  '.liTA^-rctum  •»r»ni :  m,  Lmmctitum  t«TV»  sin- 
,<ri':. :  /..  nsr:.'  tur»-:  ...  r»".-  tr-<i.-  •• :  |.. -j:':i.!yTr.f :  •;.  nstt  vo.*  ii»-?»rrvn*:  r.  lumneatum  l«TV»  dextmm. 
A*'  'ti  ,r>-f.ii.f  T.AUin:  »■/•-.      >i»n  iri.-n  in  t:.e  •■■•..•^■t:-  n  ■  f  t;.*-  I»u:i:«.-I"ir'''a*  lDs«Jtut«»uf  ibe  ttrrmma  Cni. 

::Liod.  the  nature  '*i  which  wa:*  ci.nihniie»l  by  accvinitf  microscopical  examination.  The 
ivarian  portion  <.f  »h**  irLinil  was  i\T»ic:illy  'ievelof^^t^.l:  the  epithelium  of  the  seminifer- 
-li-  r  =  :rniIf-«!  of  th^-  tf^ticuLir  fiortion  ci.)n>i>retl  of  follicular  cells  and  cells  of  Sertoli. 
r.rit  Ucke«i  sfjemi.itosronia  an-l  aemin:il  cells.  Bl  :c  >—  and  Ui  Tenet  have  also  de- 
-cri^><r«l  a  crisf  of  h^niuiphnwlitic  i:lan«l  L»ccurring  in  a  chiM  still-bom  at  eight  and  a 
h;ilf  rfionth?.  In  the  iierni  il  sao  of  an  ini.liviti'.ial  rwenry  years  old  Garr*  demonstrated 
•h'-  pn-^-riC»-  •  I  a  rul^  an  I  ix.rh  s^-.xial  irlanil-i  with  [>aro\-ariim  and  epididymis  (the 
r.'i.r-r  ,s'r>[.'ical  ^xamir.ari'.n  was  rna«:l  •  by  Simo';  . 

'4.  Ilermor'ftnpf'.^rr'UJi  rerujt  Interni'j*  is  that  cimditii^n  in  which  there  is  an  o>Tirv  on 
one  *i«ie  and  a  if^'i-i.  on  tho  other.  It  i-as  l-et-ii  many  times  oh:«erv«Hl  in  man  {Rudolph^ 
St  irk,  B*:rthold.  H:rhju\  H  M*y'rs.  Kl-h.<.  Mt.<sri>r.  KrUr.fr.  and  others\  though  in 
*'ie  majority  of  ca-^-s  no  c;lr^•f;ll  niicrnse;  ic:il  examination  was  made,  and  when  carried 
oit,  0%'arian  Ti-i-'e  cn  :l'l  nr«t  wi-ii  c**.-- a  inly  be  tlenionstrateil.  Several  yetirs  ago 
Oh '• 'r'.i'/  rf'i.ttrff^i  a  ci"^*  a  twvlNf-y^'ar-'M-irirl  fn  wn  the  collection  of  the  Germar. 
rriiv*^r-iry  in  I*ntL"i»*.  in  w;  ich  the  hi<^«'l'i'.rical  examinari«>n  showe^l  on  the  risrht  side 
i  '.*  •jtick*  'FIl'.  40N.  /,  .  ;:i..i  ,.ri  ^'r.»-  1»-'IT  -iii^-  an  ovar>-  .  but  it  is  to  l>e  noteil  that  ova 
■A*Te  no?  -^I'U  in  -h*-  la-'^-r.  I":.*'  riirl  :.  i'T'-a't  Iii:ani«^nt  cttntaine»l  a  testis  (o),  an  epi- 
r:i  lyr::i-  .'-  .  a  \;j-  'i<^-r»*rvr .-  -;  .  a  r:U:i.t'r:r.i.-\-  vi\*v  »  .  a  nnmd  liiiament  (r):  the  left 
broa'l  ii^an.'-nf.  ••:i  r:.»-  i.'h^T  han<l.  cj»ntainf*'l  an  nvar\-  \  ■.  with  an  ovarian  ligament 
'  .    in-i  a   u^-Il-'i»-'.  »-l'»t-»- i   t;i.i.  MMrf*ii\»--r.  a   uTerus  i 'i  ■ .  \  a«rina   (u).  and  also  a 

f.ir«^«-»a?*-    ^    wiTf  :.r»-#:/.     Acconiinir  »<•  th*-  r»:»»rt*^i  i^bservations.  the  corresponding 
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pexual  passages  may  be  present  or  in  part  wanting.  The  external  genitals  arc  mal- 
formed, and  combine  structures  belonging  to  both  sexes. 

II.  Hermaphrodismus  spurius,  or  pseudohermaphrodismusy  is  characterize<l 
hy  a  bisexual  development  of  the  sexual  passages  and  external  sexual  organs  in  associa- 
tion with  a  unisexual  development  of  the  essential  sexual  gland.  The  most  pronounced 
cases  occur  in  males,  who,  m  addition  to  their  proper  sexual  organs,  possess  a  more 
or  less  well-developed  vagina,  uterus,  and  tubes.  It  is  much  more  rare  to  find  in 
females  a  development  of  a  portion  of  the  Wolffian  duct. 

In  mnl#»  false  hermaphrodites  the  external  genitals  are  fretjuently  malformed  aud 
approach  the  female  type,  while  in  female  false  hermaphrodites  the  external  genitals 
resemble  those  of  the  male  (Fig.  409). 

The  resemblance  of  the  male  external  genitals  to  those  of  the  female  is  brought 
about  by  a  stunting  of  the  penis  and  a  total  or  partial  failure  of  the  sexual  furrow  in 
the  penis  to  close  (hypospadias),  so  that  the  two  halves  of  the  scrotum  are  separated, 
leaving  a  depression  beneath  the  root  of  the  penis,  which  represents  the  remains  of  the 
sinus  urogenitalis.  The  scrotal  halves  come,  therefore,  to  resemble  the  labia  maiora, 
particularly  in  the  case  of  non-descent  of  the  testicles.  The  external  genitals  of  the 
female  approach  in  appearance  those  of 
the  male  through  the  development  of  the 
clitoris  into  a  sort  of  penis  (Fig.  409,  a), 
while  the  vaginal  opening  is  narrowed  or 
closed  through  the  union  of  the  labia. 
The  vagina  and  urethra  have  a  com- 
mon opening,  or  open  separately  be- 
neath the  penis-like  clitoris. 

The-  atypical  development  of  the 
external  genitals  may  or  may  not  be 
associated  with  malformations  of  the 
sexual  passages,  and  is,  therefore,  not 
dependent  upon  malformations  in  other 
portions  of  the  sexual  apparatus. 

1.  Pseudohermaphrodismui  masculi- 
nus  occurs  in  three  varieties: 

First,  paeudohermaphrodismus  maa- 
ndinua  intemiia,  in  which  condition  the 
external  genitals  are  of  the  male  type, 
and  the  prostate  is  developed,  but  is 
usually  pierced  at  the  coUicuhis  semin- 
alis  by  a  canal  opening  into  the  urethra, 
the  former  being  continued  above  into  a 
rudimentary  or  more  or  less  well-de- 
veloped vagina,  often  also  into  a  more 
or  less  well-formed  uterus,  and  even 
tubes.  The  male  organs  may  be  well 
developed  or  more  or  less  malformed. 

Second ,  paeudohermaphrodiamua  maa- 
ndinua  completuay  or  extemua  et  internua, 

in  which  form  the  vagina,  uterus,  and  tubes  are  present  in  a  state  of  rudimentary  or  more 
or  less  complete  development,  while  the  external  genitals  resemble  more  or  less  com- 
pletely the  female  type.  The  penis  presents  the  condition  of  hypospadias  and  resemble» 
the  clitoris;  beneath  it  lies  a  furrow  at  whose  posterior  end  there  is  usually  an  orifice 
leading  into  a  short  vestibule  which  divides  at  once  into  a  urethra  and  a  vagina.  Some- 
times the  vagina  and  vestibule  are  separate.  In  rare  cases  the  external  genitals  appear 
normal,  but  the  penis  contains  a  double  canal,  the  upper  one  representing  the  urethra, 
the  other  the  sexual  passage.  In  the  case  of  a  more  marked  development  of  the  ducts 
of  Miiller  the  vasa  deferentia  are  frequently  defective,  and  the  seminal  vesicles  are 
sometimes  wanting. 

Third,  itaetuiohermaphrodiamua  maaculinua  extemua,  in  which  only  the  external 
genitals  depart  from  the  male  type,  and  resemble  more  or  less  closely  the  female.  As  in 
these  cases  the  bodily  habitus  often  simulat-es  that  of  th^  female,  the  true  sex  of  the 
individual  may  easily  be  mistaken. 

2.  Paeudohermaphrodiamua  femininus  also  occurs  in  three  similar  varieties,  but  is 
much  more  rare. 

In  paeiuiohermaphrodiamua  fcmininua  int^nua  rudiments  of  the  Wolffian  ducts, 
lyi^g  in  the  broad  ligament  or  in  the  uterovaginal  wall,  and  sometimes  extending  to 
the  clitoris,  are  foimd  in  association  with  well-developed  external  genitals. 


Fig.  40B.— External  genitals  of  a  female  false  her- 
maphrodite, with  stenodis  of  Uie  va^final  orifice,  n. 
Penis-like  ciitortt* ;  />,  labia  majora.  Reduced  one- 
ninth. 
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Pseudohermaphrodismus  femininus  extemus  is  characterized  by  external  genitalia 
resembling  those  of  the  male  (Fi^.  409). 

Paemlohermaphrodismus  femtninua  extemus  et  tntemu«,  in  which  the  external 
genitals  resemble  those  of  the  male  and  there  is  a  persistence  of  parts  of  the  Wdlfiian 
duct^,  is  very  rare.  Of  the  internal  male  genitalia,  there  was  found  in  one  case  a  pros- 
tate, and  in  another  case  a  prostate  pier^d  by  the  vagina,  an  ejaculatoiy  duct,  and 
a  sac  resembling  a  seminal  vesicle,  which  opened  into  the  vagina. 

The  internal  sexual  organs  develop  from  the  same  undifferentiated  anlage  in  l>oth 
males  and  females.  These  anlage  consist  of  a  sexual  gland  lying  on  the  mraial  ante 
rior  side  of  the  Wolffifin  body,  and  a  nexval  pti^trnge  known  as  the  duet  of  MuUer,  The 
latter  develops  beside  the  Wolffian  duct,  and,  like  it,  empties  into  the  lower  end  of  the 
bladder  or  into  the  sinus  urogenitalis. 

Ill  the  nmle  the  ditrt  of  Midler  disappears,  only  slight  traces  in  the  form  of  the 
uterus  masculinusor  vesicula  prostatica  remaining;  the  primitive  sexual  gland  unites 
with  a  small  part  of  the  Wolffian  body,  which  becomes  the  head  of  the  epididymis, 
another  small  portion  forming  the  vasa  aberrantia  testis  (organ  of  Giralde*),  the  re- 
mainder disappears,  while  the  Wolffian  duct  becomes  the  vas  deferens  and  vesicula 
seminalis. 

In  the  female  tlie  Wolffian  body  and  ita  duet  disappear,  leaving  only  a  trace  in  the 
form  of  the  gland- tubules  known  as  the  parovarium,  but  remains  of  the  duct  are  not 
infrequently  found  preserved  in  the  uterine  wall.  From  the  dncU  of  MuUer,  which  in 
part  coalesce  at  their  lower  ends,  develop  the  vagina,  uterus,  and  tubes.  The  extreme 
upper  end  of  the  duct  of  Muller  not  infrequently  persists  in  the  form  of  a  little  pedicled 
sac  attached  to  the  abdominal  end  of  the  tube,  the  hydatid  of  Morgttgnu 

The  anlage  of  the  sexual  gUtnds  appear  in  the  fifth  week.  In  mammalia  (prolmbly 
also  in  man)  they  develop  through  a  localized  thickening  of  the  peritoneal  epithelium, 
which  becomes  the  germinal  epithelium  ( Wahleyer),  while  at  the  same  time  the  meso- 
derm also  proliferates.  Whether  the  seminal  tubules  arise  from  peritoneal  epithelium 
(Bonihaupt  Ef/li),  or  whether  they  are  derived  from  an  ingrowth  of  the  Wolffian  body 
into  the  testis-anlage  ( Waldeyer),  is  still  an  undecided  question  {KdUt'ker).  The  ova 
arise  from  germinal  epithelium.  The  environing  cells  of  the  Oraaffan  follicle  arc 
regarded  by  Waldeyer  hh  &\iio  derived  from  the  germinal  epithelium;  wliile  A'/V/iife^r 
believers  that  they  probably  arise  from  the  Wolffian  bmly. 

The  significance  of  the  peduticulated  smd  utm-jjexiuiirulated  hydtittds,  found  in  var}*- 
iug  numbers  near  the  globus  major  of  the  epididymis,  is  not  yet  determined  {Kitlliker). 
The  non-pedunculateil  cyst  known  as  the  hydatid  of  Morgagni  is  regarded  by  WaMryer 
as  a  remnant  of  the  duct  of  J/u^/f  v.  According  to  AV;///,  it  may  also  stand* in  a  ck>se 
relation  to  the  Wolffian,  body,  inasmuch  as  then;  is  occasionally  found  a  vas  ubcrrans 
of  the  epididymis  connnunicatintr  with  il. 

In  the  (icvclopmcnt  of  the  vagina  and  uterus  the  ducts  of  Mfdkr  and  the  Wolffian 
ducts  unite  at  their  lower  portion  to  form  a  rounded  (quadrangular  cord,  the  genital 
cord.  At  the  end  of  tlie  second  month  the  ducts  of  Muller  blend  to  form  a  single  canal, 
wliich  then  develops  into  the  vagina  and  uterus.  This  union  takes  place  first  ui'ar  the 
middle  of  the  genital  cord.  The  Wolllian  ducts  play  no  role,  though  remains  of  these 
are  found  at  birth  in  the  broad  ligament  {KMliker)  and  in  the  wall  of  the  uterus  {lieiget). 
According:  to  observations  of  Jiiedel,  remains  of  the  Wolttian  duct  are  found  in  alx>ut  a 
third  of  adult  females,  in  the  form  of  a  tube  lined  by  cylindrical  epithelium  surrounded 
by  musc^le,  or  as  a  muscle-bundle  without  epithelium,  lying  anteriorly  and  to  the  si«ie 
of  the  uterus  and  vagina. 

The  external  genitals  begin  to  develop,  even  before  the  cloaca  has  sepamted  into 
the  intestinal  and  g(fnit()-u?'inary  orifices,  by  the  formation,  in  the  sixth  week,  of  a  me- 
dian genital  tubercle  in  front  of  the  cloaca,  and  further,  of  two  lateral  folds,  the  genital 
folds.  Toward  the  end  of  the  second  month  the  tubercle  becomes  more  prominent,  and 
shows  on  its  lower  surface  a  furrow,  the  genital  furrow.  In  the  third  month  the  cloaca 
becomes  divided  to  form  the  anal  and  genitourinary  openings.  In  the  male  embryo 
the  genital  tubercle  becomes  the  i)enis,  the  glans  being  recognizable  as  early  as  the 
third  month.  In  the  foiirth  month  the  furrow  closes  to  form  a  tube;  at  the  stinie  time 
the  two  genital  folds  unite  to  form  the  scrotum. 

The  prepuce  is  formed  in  the  fourth  month.  The  prosUite  arises  in  the  third  numth 
as  a  thickening  of  the  tissues  at  the  junction  of  the  urethra  and  the  genital  conl.  The 
glands  of  Ww.  prostate  develop  in  the  fourth  month  from  the  epitheliimi  of  the  canal 
and  grow  out  into  the  surroimding  connective  tissue. 

In  the  female  embryo  the  closure  of  the  genital  furrow  and  the  genital  folds  <loes 
not  take  place,  so  that  the  sinus  urogeniL-ilis  remains  short.  The  genital  einiuence 
becomes  tlie  clitoris,  the  folds  become  the;  labia  majora,  and  the  edges  of  the  genital 
furrow  the  labia  minora. 
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5.  Double  Monsters. 
(a)  Classification  of  Double  Mongers. 

§  144.  Twin-formations  lyiugwithinasiugle  chorion  may  be  divided 
into  two  large  groups :  tmm  completely  separated  from  one  another,  and 
ticins  united  by  some  portion  of  their  bodies. 

Of  the  twins  completely  separated  from  one  another  there  may  be 
distinguished  two  types;  one  in  which  both  ttcins  are  fully  deveHoped,  and 
one  in  which  one  ticin  is  stunted. 

Twins  Joined  together  by  portions  of  their  bodies  may  Hkewise  be 
also  divided  into  two  gi-oups:  ttrins  shoiring  uniform  development  and  ttcins 
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Hhowing  an  unequal  development.     To  the  latter  belongs  an  especial  group 
of  greatly  stunted  parasitic  forms  that  may  be  classed  as  teratomata. 

According  to  the  situation  of  the  duplicated  portions  of  the  body, 
there  may  be  distinuished  (Foerster) : 

1.  Monstra  duplicia  katadidyma  or  duplicitas  anterior. 

2.  Monstra  duplicia  anadidyma  or  duplicitas  ix)sterior. 

3.  Monstra  duplicia  anakatadidyma  or  duplicitas  parallela. 

In  general,  these  may  also  be  con- 
veniently divided  into  three  classes 
(Taruffi): 

1.  Twins  united  chiefly  by  the 
c4)igsistrium  and  thorax. 

2.  Twins  united  chiefly  by  the 
heads. 

:J.  Twins    united    chiefly   by 
IR^lves. 


the 


Fl(i.  410.  FIG.  411. 

Fk;.  410.— A<«rdliis  urephalus.  sliowlnu'  a  nnlini«Miiarv  <I«*\«'l«>piiit'iit  of  tlit*  low«»r  fXtremiUeM  (aranliu!' 
ainorphiis). 

Fh{.  411.     Acanlius  psciidoai-onmis      <Aft«'r  Uarkow.)     «f.  HcmkI  :  /»,  nulliiienl  of  the  left  upper  ex- 
tn'Hilty:  c,  rudliiu'ntarv  lnt«*stiii«' ;  */,  art«*ry;  r,  v«*lii. 

Ahlt'idd  divides  thiMloubh*  monsters  into  two  chief  groups,  those  with 
nnnplete  and  those  with  paiiiaf  doublhuf  of  the  axial  sinuinreH, 
\\\  very  rare  instanet^s  triple  monsters  occur. 
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Foerster:   Die  Missbil(lun«ron  des  Mciischen,  Jena.  1805. 
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See  also  ii  VM. 

(h)   The  Chief  Forms  of  Double  Mounters. 

^  145.  Twins  separated  from  each  other  and  lying  within  a  single 
chorion  are  (h\siirnat(Ml  homologous  twins.     They  an*  always  of  the  same 
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sex,  have  usually  a  common  placeuta,  and  resemble  each  other  very 
closely.  If  from  any  cause  one  of  the  twins  should  die  after  its  body  hsis 
been  developed,  it  may  be  pressed  flat  by  the  continued  growth  of  its 
fellow,  giving  rise  to  the  condition  known  as  tetus  papyraceus. 

When  twins  possess  a  common  placenta  within  which  the  blood- 
vessels have  abundant  anastomoses,  the  heart  of  the  stionger  foetus 
may  control  the  circulation  and  thereby  cause  changes  in  the  direction  of 
the  blood-stream  in  the  weaker  twin.  As  P'  result  of  this  the  latter  suf- 
fers severe  disturbances  of  development,  and  becomes  changed  into  an 
acardius,  a  monster  ttnthout  a  heart,  either  developing  no  heart  at  all  or 
only  a  rudimentary  one.  In  the  majority  of  such  cases  the  head  ahofailH 
to  dexHilop  (acardius  acephalus)  or  remains  rudimentary  {acardius  paraceph  - 
alus),  and  likewise  there  is  usually  no  development,  or  only  a  rudimen- 
tary one,  of  the  upper  extremities,  thorax  walls,  luugs,  and  liver,  while 
the  abdomen,  pelvis,  and  lower  extremities  are  more  or  less  perfectly 
formed  (Fig.  410).  According  to  the  development  of  the  extremities 
the  following  varieties  may  be  distiuguished :  acardius  paraAsepalus  (or 
ar^phalus)  sympus,  monopus,  dipuSy  monobrachiuSy  dibrachius. 

In  rarer  cases  there  is  no  recognizable  development  of  any  part  of  the 
body,  and  there  is  formed  an  acardhis  amorphtis,  consisting  of  a  shapeless 
mass  covered  wfth  skin,  usually  without  any  indications  of  extremities, 
and  possessing  internally  only  rudiments  of  organs. 

Of  very  rare  occurrence  is  the  formation  known  as  an  acarditis  pseu- 
doacormus  (Fig.  411) — that  is,  a  monster  in  which  the  heiid  (a)  only  is  de- 
veloped, while  the  other  parts  of  the  body  are  represented  only  by  small 
rudiments  (6,  c). 
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See  also  §  147. 

§  146.  Twins  equally  developed  and  united  to  each  other  occur  i!i 
the  following  principal  types: 

1.  Dupiicitas  anterior  (monstra  duplicia  katadidyma).  Anterior  du- 
plication with  union  of  posterior  portions  of  the  body. 

Pygopagus  (Fig.  412).  Union  of  the  twins  in  the  region  of  the 
coccyx  or  of  the  siuTuni.  According  as  the  union  is  more  or  less  exten- 
sive, the  sacrum,  coccyx,  lower  end  of  the  meilulhiry  canal,  anus,  lower 
end  of  the  bowel,  and  the  sexual  apparatus  are  either  doubled  or  are  in 
])art  single. 

Ischiopagus  (Fig.  413).  Union  of  the  twins  in  the  pelvis,  which 
thereby  forms  a  wide  ring,  the  two  sacra  being  placed  opposite  eac;h 
other.  The  anus,  lower  end  of  the  l)owel,  and  the  sexual  organs  may  be 
single  or  double,  and  the  nunil)er  of  the  lower  extremities  two  to  four. 
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Dicephalus  (Fig.  414)  and  diprosopus  (Fig.  415).  The  duplication 
is  limited  to  the  upper  i>art  of  the  trunk  and  head,  or  only  to  the  neck 
and  head,  or  the  head  alone,  or,  finally,  only  to  portions  of  the  head. 
As  the  external  blending  increases  in  extent,  there  occarsalso  a  blending 


Fio.  413. 

Fig.  412.— Pygopajrus.  (After  Marnhand.)  A,  B,  The  two  twins;  a,  b,  separated  umbilical  cords;  c, 
blended  umbilical  cords :  d,  common  placenta.  There  is  a  single  i-occyx  and  sacrum  (from  the  {teeond 
vertebra  downward),  and  the  lower  end  of  the  medullary  canal  Is  single.  The  two  Intestinal  canals  ter- 
aalnate  In  one  anal  opening.    Vestibule  of  vagina  single,  the  remaining  portions  of  the  sexual  organsdouble. 

Fi(i.  413.-Ischl(»i»agus.     (After  Levy.) 

of  the  internal  organs,  the  intestine,  liver,  lungs,  heart,  spinal  cord, 
brain,  etc.  According  to  the  numlMM'  of  the  lower  and  upper  extremi- 
ties there  may  Ik*  distinguished  dicfphalus  tctrapus,  dtpu^,  UirabrachiuH^ 
trihrarhiuH  dlhnwhiuH  (Fig.  414).  When  the  heads  have  blended  thert^ 
may  l)e distinguished ^//;)/o.sr>7)M.v  tefrophthalmiiH,  trlophthidmuH,  diophthalmuH^ 
M  rot  KM,  Iriotus,  d  lot  us,  dintomnH,  monoHtomu.%  trlbrachiuH  and  dibfachitis  (Fig. 
415). 

The  mildest  grades  of  duplieitas  anterior  are  represented  by  the  rare 
easf»s  of  diipiiridion  of  thr  jaw,  mouth,  or  u(hsr, 

2.  Duplicitas  posterior  (juonstra  dupliria  auadidipna).  Union  of  the 
twins  at  the  head  and  thence  farther  downward  with  duplication  of  the 
posterioi-  paits  of  the  body. 

Craniopagos  (Fig.  416).  Union  of  the  twins  in  the  cranial  region. 
According  to  tlie  site  of  union  there  may  be  distinguished  craniopagiiH 
panft(diti.  froutalis,  occipitalis.  When  the  union  is  more  extensive  por- 
tii>iis  of  the  brain  are  also  single. 

Cephalothoracopagus  or  syncephalus  (Fig.  417).     Blending  of  the 
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twins  in  the  region  of  the  Hireheiwl  and  fare,  and  in  part  also  of  tlie 
ulKlonHHi*  III  ihe  region  r>f  iht*  united  heads  there  is  an  anterior  and  a 
po8t«irior  faee  (jmitm,  jafiirrpa).  The  two  faeen  may  l>e  equal iy  {januH 
fijimmi'tmH)  or  iineijually  devehijjed  { jitnuH  itH^mmtiroH),  one  f^iee  beiu^ 
well  developed,  the  otlier  inii>erfeetly.  The  internal  or^anH  prestnit  dif- 
ferent  dej^rees  (»f  l>lendin^  and  union  into  single  oi^^Mns. 

DipygU5.  The  dn|dieation  is  liujited  t<>  the  lower  half  i»f  the  body 
and  ihe  lower  t*xti'(*aHlies,  while  the  uiij^er  jiarts  are  eilher  wholly  sinj^le 
ivv  <ady  partly  eleft.  The  dnidiealion  of  the  spinal  e*nd  may  he^in  at 
different   hei|>hts.     Areonlin^  to  the  nnniher  *»f   exijvniities  dilTerent 
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rm.  41 1— rXwjilmlus  tjibratbiiis  illpu*. 
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forn^s  may  he  distinijnishe^K  The  TnihieMi  irrades  of  dnplieation  are  eon- 
hni^d  U\  fhe  lowiMend  of  Ihesidnal  eolumn.  the  aims,  and  Ihe  external 
genitals, 

:i  Duplicilas  paralkla  {moHHtni  flnplhia  miaknUulhlffma),  Dnpliea- 
tion of  theanterioi'  and  posterior  end»  of  the  body  with  parallel  portions 
of  the  trunk. 

Thoracopagus  (Fig.  418).  Union  of  the  twins  by  the  thonix.  Ae- 
eordinji:  to  tlie  site  and  exb*nt  of  the  union,  as  well  as  the  nnmlM*!*  of  ex- 
tremities jnesent,  there  may  be  distinj^nished  ditferent  forms,  parlieidaily 
tin^  fnlhtwin^:  xiphopttffUH  (union  at  the  xii>hi>id  proressi,  HimntptufuH 
(  nnion  at  tln^  sternnm  ).  fhantropiujHx  tftnthnwhinH^  trihntrhittH,  ttihntrhhtH, 
trtntpHH,  tripttx,  and  tfipuM.      When   portions  of  the   faces  hav  e  l»lended 
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Riilie:  Janiceps  asymraetros.     Inaug.-Diss.,  Marburg,  1895. 

Schaefer:  Uclx'reiiM'n  Diceplmlus.     Beitr.  v.  Ziegler,  xxvii.,  1900. 

Siegenbeek  van  Heukelom:  Monstr.  double.     Kec.  de  trav.  du  Lab.  IJocrhaavo,  i., 

1890. 
Taruffi:  Syncophtthis  dilecanus  (Venlopp  v.  Pcuis,  Scrotum,  Anus).     Mem.  K.  Ace. 

Bologua,  ix.,  1889;  Feto  umano  C(m  due  maiidibole.     lb.,  ii.,  1895. 
Virchow:  Pygopagus.     Berl.  klin.  Woeh.,  1873. 

See  also  ^§  181  and  147. 

§  147.  Twins  joined  togetlier  but  unequally  developed  may  occur 
in  any  of  the  double  forms  described  in  §  140.  If  the  development  of 
one  of  the  twins  remains  rudimentary  and  if  its  heart  does  not  develop, 
its  nourishment  can  come  only  through  its  well-developed  fellow.  The*, 
better  developed  of  the  two  is  then  known  jis  the  autosite,  the  other  as 
the  parasite.  If  the  parasite  is  of  only  very  rudimentary  development, 
it  may  be  classed  with  the  bigerminal  teratomata  (cf.  SS  l-*"  ii>»«i  1-8). 


Fiu.  41H.— Tliora<-(>paifiis  tribnirhlustripus.  The  haml  of  tli*' tliinl  unii,  niniinoii  to  ooth  halvnt. 
pumnnra  two  doreal  surfaces,  and  th«»  laterally  distorted  nnKiTK  posNess  nails  on  both  sides.  The  common 
third  foot  has  eight  toes. 

At  the  2)0Hterior  ends  of  the  body  therv^  nniy  occur  a  rudimentary  doubh' 
monstrosity  in  the  form  of  an  increase  in  the  number  of  the  extremitien,  a 
polipnrloH  (Figs.  419,  420).  In  so  far  as  the  lower  extremities  are  con- 
cerned su<;h  a  malformjition  may  l>e  chissed  as  an  ischiopagus  or  a  dipy- 
gus.  The  supernumeniry  extremities  may  be  one  or  two  in  number,  and 
more  or  less  well  developed.  Further,  there  not  infrequently  occur 
coeafgeal  teratomata  in  which  the  presence  of  rudimentary  extremities 
(Fig.  421,  «,  b,  c)  or  of  various  body  elements  leaves  no  doubt  that  tin* 
tnmor-like  formation  covered  by  the  skin  of  the  autosite  is  to  be  regarded 
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trunk,  or  th^re  may  occur  a  headless  trunk  with  extremities  (Fig.  423),  or  ii 
rudimentary  thorax  icithout  eairemitieSy  or,  finally,  teratomata  which  may  be 
interpreted  as  thoracopagus  parasiticus  (omphalopagus)  and  as  dipygns  para- 
siticus.    The  malformation  is  also  often  called  epigastnus. 

The  inclusion  of  such  teratomata  beneath  the  akin  of  the  abdomen 
or  thorax,  or  within  the  abdominal  or  thoracic  cavities  of  the  autosite, 
gives  rise  to  the  condition  known  as  inclumo  fcotalis  subcutanea,  or  abdom- 
inalis,  or  mediastinalis.  The  abdominal  inclusion  is  also  designated 
engastriUrS. 


¥ui.  423.  Fio.  424. 

FiG.423.--Tlioraei>paKU8  para»itieii8.  (After  Schenk  von  GrftfenberR.)  Parasite  atuebed  to  cheitt  of 
autoslte. 

Fig.  424.— Epiffnatbiis.    (After  Lancereaux.) 

In  the  region  of  the  head  rudimentary  twin -formations  appear  most 
often  in  the  mouth  cavity,  forming  usually  an  amorphous  mass,  firmly 
attached  to  the  base  of  the  skull,  and  consisting  of  skin,  connective  tis- 
sue, cartilage,  bone,  brain-tissu«^,  teeth,  intestinal  elements  and  muscle, 
and  rarely  developed  extremities.  Such  malformations  ai*e  included 
under  the  designation  of  epignathus  (Fig.  424). 

On  other  parts  of  the  head  {prosopopagus  parasiticus)  rudimentary  twin 
formations  or  bigerminal  tenitomata  are  very  rare  (cf.  §{5 127,  128) ;  but 
thev  occur  also  in  the  cranial  cavity  (encranius)  and  in  the  neck  (hygr(yma 
colli). 

Literature. 

(  Vfiequal  Double  Mounters. ) 

B($hm:  Sacralteratom.     Berl.  klin.  Woch.,  1872. 

Braune:  Die  Doppelbildungcn  u.  aiigeb.  Gcsohwttlste  d.  Kreuzbeingegend,  Leipzig, 

1862. 
Breslau  u.  Rindfleisch:  Foetus  in  foetu.     Virch.  Arch.,  80  Bd.,  1864. 
Calbet:  Contril>.  t\  I'et.  des  tumeurs  congen.  d'^iginc  parasilaire  de  la  region  sacro- 

coccygienne,  Paris,  1893. 
Foederl:  Dipygus  parasiticus.     Ltingenbeck's  Arch..  58  Bd.,  1899. 


548  DISTIRBANCES    OF    DEVEL0PMF:XT. 

Freyer:  Kieuzbeiugesi'liwulst.     Virch.  Arch.,  58  Bd.,  1873. 

Gross :  Ia'S  monstres  doubles  parasitaircs,  Nancy,  1877. 

Hennig^:  Congcnitale  echte  Sacraltumoren.     Beitr.  v.  Zieglcr.  xxviii.,  1900. 

Israel:  Ein  j^ll  von  Verdoppehing  der  1.  Unterkifferhalfte.     Inaug.-Diss.,  lV*rlin. 

1867. 
Moussaud:  Des  inclusions  foctales.     Tbt^se  de  Paris,  1861. 

Otto:  Zusammenstellung  d.  bestbescbrieb.  Fftlle  v.  Epiguatbus.     Arcb.  f.  Gyn.,  viiL 
Schwalbe:  Der  Epignathus.    Beitr.  v.  Ziegler,  xxxvi.,  1904. 
Schwarz:  Beitr.  z.  Gescbicbte  d.  Foetus  in  foetu,  Marburg,  1860. 
Taruffi:  Caso  d'engastro  amorfo  extraperitoneale.     3Iem.  ll.  Ace.  Bobigna,  iii.,    l><9:i 
Wright  and  Wylie:  Included  Fatus.     Brit.  Med.  Journ.,  ii.,  190(). 
See  also  gg  127,  128,  131,  144,  and  146. 


CHAPTER  X. 

The  Pathogenic  Fission-fungi  and  the  Diseases  Caused 

by  Them. 

I.     General  Considerations  Regarding  the  Schizomycetes  or  Fission- 
fungi. 

1.    (tKNKKAI.    MoKFHOLOGV   and    lilOLOGY   OF  THE  FlS^^ION-FUNGI. 

g  148.  The  Schizomycetes  or  fission-fungi,  ofteu  also  designated 
collectively  ju4  bacteria,  belong  to  the  protqphytes— that  is,  to  the  smallest 
simplest  forms  of  i^lant-life.  Many  of  them  are  so  small  that  they^nd 
upon  the  very  border-line  of  invisibility  even  with  the  use  of  the  highest- 
power  objectives  and  eye-])ieces.  When  occurring  in  animal  tissues,  it 
is  often  very  ditticult  to  distinguish  them  from  the  prixlucts  of  cell-dis- 
integration; and  often  this  can  be  accomplished  only  through  the  em- 
ployment of  spcK'itic  re4igent8  or  staining-methods,  and  occasionally  only 
through  cultuit^  ex[)eriments. 

The  Schizomycetes  throughout  are  noti-chimophyUaceouHy  unicellular  or- 
ganimm,  but  as  a  i*esult  of  their  growth  and  multiplication  they  often 
form  colonies  made  up  of  numerous  cells. 

The  form  and  character  of  the  single  cells,  as  well  as  their  manner  of 
growth,  division,  and  multiplication,  vary  gi-eatly,  and  at  present  these 
differences  are  used  as  a  basis  for  the  classification  of  bsicteria.  In  the 
first  class  are  placed  the  Cocci,  often  designated  as  Micrococci  or  as  Spliwro- 
hacteria  (Colin),  that  form  of  bacteria  which  constantly  occurs  in  the 
form  of  nphencal  or  oval  cells.  According  to  the  grouping  of  the  cells 
during  their  division,  there  may  be  distinguished  six  forms  of  cocci: 
dxyublecocci  or  Diplococci,  chain-cocci  or  Streptococci,  clustered  coed  or  Staph- 
iflococciy  tablet-cocci  or  Merismopedia,  packet-shaped  cocci  or  Sarcinop,  and 
tube-coed  or  Ascocoeci. 

The  second  claas  (constitutes  the  Bacilli  (rod -shaped  bacteria)  which 
formerly  were  divided  by  Cohn  into  Microhacteria  and  Desmobacteria,  ac- 
cording to  the  length  of  the  rods.  These  may  also  be  designated  as  short 
rods  and  long  roih.  In  association  with  the  designation  badUus  many 
Huthors  use  the  term  Clostridium,  particularly  for  bacilli  which  during 
spore-formation  assume  spindle  or  club  shapes.  Ix)ng  threads  are  often 
;ilHO  called  Leptothnx, 

To  the  third  class  belong  the  Spirilla  (sci-ew-shapeil  l>a<*teria). 
Hcrew-shaped  forms  with  short,  wide  turns  are  known  as  Spirilla,  those 
with  drawn-out  turns  as  Vibrios,  those  with  a  long,  closely  wound  screw  as 
Spiroclujetes.  Acconling  to  their  length  the  spirilla  may  also  Iw  divided 
into  short  screws  and  lo7ig  screirs. 

All  of  the  bacteria  thus  far  referred  to  occur  either  in  one  single  form 
or  in  a  very  limited  cycle  of  forms  of  growth,  and  they  may  therefore  be 
grouped  together  as  monomorphous  or  oligomorphous  bacteria.     Cohn, 
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to  whom  we  are  indebted  for  the  fundamental  iuvestigatioiis  regard- 
ing baeteria,  united  under  the  term  bacteria  only  the  oligomorphic 
forms. 

Many  writers,  however,  classify  also  as  bacteria  those  organisms  which 
during  their  development  pass  through  a  whole  series  of  forms:  spherical 
cells,  as  well  as  rods  and  simple  and  branching  threads.  These  may  be 
collected  into  a  second  gro.up— the  polymorphous  bacteria — to  which 
belong  in  particular  the  fungi  known  as  Streptothrix,  CladathriXy  Beg- 
giatoa,  CrenothHx,  and  Actifwmyces.  Other  authors  (Lehmann,  Neu- 
mann, Jjcvy,  Lubarsch)  class  these  forms  with  the  Hgphomycet^ts  or  regard 
them  as  transition  forms  between  the  latter  and  the  Schizomycetes,  Pe- 
truschki  collects  them  under  the  family  term  of  hair-fungus  or  Trichomn- 
cetes,  and  classes  them  with  the  Hyphomyceten. 

All  of  the  Schizomycetes  consist  of  a  plasmatic  cell-contents  and  a 
cell-membrane,  both  of  which,  according  to  Nencki,  consist  essentially 
of  an  albuminoid  body,  mycoprotein,  which  varies  with  the  species. 
Many  bacilli  contain  fat  within  their  cell -bodies,  at  times  so  abundantly 
that  it  may  be  demonstrated  by  staining  with  Sudan  III.  Some  of  these 
bacteria  (tubercle-bacillus,  lepra-bacillus,  and  actinomytes)  show  the 
presence  of  fat  both  when  growing  in  living  tissues  and  when  cultivated 
upon  artificial  media;  others  (staphylococcus  aureus,  anthrax-bacillus, 
bacillus  of  glanders)  show  the  presence  of  fat  only  when  grown  upon  cer- 
tain media  (Sata).  In  many  forms  of  bacteria  the  membrane  under  cer- 
tain conditions  may  swell  and  appear  as  a  hyaline  capmde  surrounding 
the  bacterial  cell. 

In  all  forms  of  bacteria,  with  the  exception  of  the  cocci,  there  have 
been  observed  swarming  movements  which  are  brought  about  by  means 
of  fine  thread-like  fiagella  attiiched  singly  at  the  ends  or  scattered  over 
the  entire  bacterial  cell.  In  addition  there  also  occur  slow  oscillator}' 
or  gliding  and  creeping  movements  M'hich  are  dependent  upon  the  con- 
tractile and  tiexible  (lualities  of  the  plasma.  Both  forms  of  motion  ix-cur 
only  under  certain  conditions  of  nutrition  and  growth,  and  only  in  cer- 
tain species. 

riultiplication  of  bacteria  takes  i>lace  through  a  transverse  division 
of  cells  which  have  previously  l)ecome  elongated.  In  some  forms  divi- 
sion can  also  take  i)lace  in  two  or  even  thretMliniensions.  After  division 
the  cells  separate  innnediately  or  remain  for  a  time  attached  to  each 
other.  When  the  cells  remain  attached  after  dividing  transversely, 
threads  are  formed  (iStrrptococcu.s,  Lepfothrix) ;  after  dividing  both  traiis- 
vei-sely  and  longitudinally,  flat,  tablet-like  colonies  (Merismopcdio); 
after  dividing  in  all  three  dimensions,  colonies  resembling  a  solid  ixMly 
(Sarcina)  are  produced.  Long  threads  may  become  segmented  iuto 
shorter  pieces. 

According  to  the  investigations  of  Buchner,  Longard,  and  Kiedlin,  the 
period  of  reproduction — that  is,  the  time  from  one  cell-division  to  the 
next — is,  in  the  case  of  the  cholera-spirillum  under  favoi-able  conditions 
of  nutrition,  about  fifteen  to  forty  minutes. 

If  resting  bacterial  cells,  as  the  result  of  a  constantly  pi-ogressin^  re- 
I)roduction  or  through  the  accumulation  of  neighboring  cells,  heap  tliew- 
selv(\s  anywhere  in  great  massifs,  there  are  often  formed  jelly-like  colo- 
nies, which  are  called  zoogloea.  The  jelly-like  substance  is  formed  from 
the  membranes  of  the  bacteria  and,  according  to  Xencki,  consists  of 
mycoprotein.  The  jelly  masses  may  assnnu>  the  most  varied  form,  ami 
occasionally  reach  a  large  size,  so  that  the  clumps,  or  lobulated  masses 
or  strands  mav  attain  a  diameter  of  one  to  three  or  more  centimetres. 
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T^ihIvt  certsiio  <'(*ii(liti4His  niaiiy  <)r  tin*  l>a(*tt*rj;i  fMnii  spores.  Th^M* 
are  celln  which  iii-o  distinguished  by  tho  fuel  that  they  renuiin  alivn  under 
t'lindit  10118  in  whieli  the  ordinary  foiiiiK  *»f  ve*;etatitiii  tlie;  and,  when 
brought  into  fresh  nntrient  sohitions,  are  able  to  prodiiee  :i  new  geuer- 
ition.  Spo  reformation  in  most  fivtjuently  mdognHim — that  is,  the  spore 
arises  inside  the  eel  Is  (part  ieiihirly  in  baeilli),  and  is  developed  out  of 
the  eell-protophisni,  in  wiiieh  th<M'e  appears  a  snuiU  pannle  whieh  jrrtjws 
into  an  oldong  or  round,  highly  refrarlive,  shai'plyeontouriHl  t>i>dy 
always  reniaiiiinj^  smaller  tlntn  the  nmlher  eelL  After  the  death  of  the 
latter  the  si>ore  is  s<*t  free,  AMt'ugenouH  Hpore-fonnitthm ,  as  obseivi^d  in 
iniertieiieei,  is  said  tooeenr  through  the  direet  ii.sHunjption  of  sporequali- 
ties  by  individual  ineuiliers  of  aeolony  or  of  a  series  of  f^enenitions,  whieh 
at  the  siiUH*  tinu'  remain  externally  uirAltei*e<l  or  take  m\  otfier  niorplio* 
logieal  peenliarities. 

In  old  cultures  baeterijt  nearly  always  sliow  degeneration-forms, 
whieh  are  swollen  and  distorted,  and  stain  ])iMjrly  and  irregularly. 

As  non-ehlni-fipbyHae«Hnis  ]>lants,  (ht*  schizoinyeetes  are  restricted  in 
thi^ir  nutrition  eidir<*ly  to  ready dVirrned  organic  substances  which  are 
stduble  in  watrr,  and  whieh  aie  also  8uppli<*tl  to  tbeni  in  an  abnndan(*e 
of  water.  In  adtiition  they  need  also  various  mineral  substances, 
es|>eeially  sulphur,  phosphorus,  potassium  or  rubidium,  or  caesium  and 
calcium  (or  magnesium,  barirvnx,  or  strontium).  </liaiigesin  the  eondi- 
tious  of  nutrition  may  modify  the  form  and  dimension  of  bacteria  and 
also  change  their  vital  properties. 

Some  of  the  lissi on  fungi  are  either  chiefly  or  wholly  restricted  \\\v 
their  food  supply  to  di'inX  organisms  or  to  sulutions  of  orgainc  nnitter, 
and  ai-e,  therelVnv,  classed  as  saprophytes  ;  ijthers  uj-e  able  to  take  their 
nutrition  also  Irom  living  animals  or  plants,  and  live  as  parasites. 

If  baeteiia  get  into  water  whitdi  c*int}uns  jio  food  -  mat  eri;d,  many  of 
tlieiu  die  in  time.     The  spores  stirviv**  the  longesL 

Fret^  oxygen  is  neeessiiry  for  the  devel<»pnu*nt  of  uuiny  bacteria; 
othei^  can  dispense  with  it  as  long  as  they  ai-e  under  favoral>le  conditions 
of  luitritiou  in  other  ivspeets;  other-s  develop  only  in  the  absence  of  oxy- 
gen. Tiie  tii'st  are  tiesignated  uhligate  (tfrob(%  the  stHMUid  fficnittftlve 
ttJiuinyhcji,  the  third  oblkiate  uimirobea. 

The  patht»genie  bacteria  are,  aecoiHling  to  Lil>oriu8,  faenltative  or 
bligatc  anaerobes. 

Carbon  dioxide  has  no  influence  ujhju  tlie  development  of  many 
baeteria.  ms,  for  example,  upon  the  typhoid  bacilius  and  Fricdliimler's 
pneunH>bacillus.  Upon  <>thers,  on  the  contrary,  it  has  an  inhibitory 
action,  as,  for  example,  upon  BneiUiiH  indicm,  Protfits  vtil.gaHft,  BHrtfhis 
phoftphorrM'ctis,  the  biu*illi  of  anthnix  and  choleni,  the  pus-cocci,  and 
(>thei-s  (C,  Frankel).  The  bacilli  fd*  anthrax,  Asiatic  cholera,  and  of 
rabbit  septica'mia  die  *>ut  in  a  few  boui^  in  artihcial  Seltzer  water,  but 
anthrax  spores  renniin  alive  in  it  indehnitely  ( Hoehsleiter). 

Iidenstf  light  has  an  injurious  or  destructive  intlniMU-e  upon  the  de- 
velopment of  many  JVirnis  of  liaeteria,  and  it  is  Iheiefore  possible  to  dis- 
infect by  means  of  strong  light  water  whieh  is  iniected  (  Buchner),  The 
virulence  of  the  liaeilius  of  anthrax  nuty  Lh*  lessened  by  exposure  to  sun- 
light (Arnold,  fhiillard ).  When  ex  postal  to  the  diieet  rays  of  the  sun 
anthrax  baeilli  die  in  twenty-fonr  to  thirty  hours,  the  spor^es  survive  as 
long  lis  six  to  eight  weeks  ( Arloing,  Duclaux).  Acconbug  to  Geisler 
the  green,  vioh^t,  and  ultra-violet  rays  an*  particularly  acti\c  Accord- 
ing to  liieder  bacteria  may  lie  destroyed  by  the  Ew^ntgen-rays* 
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The  temperature  of  tlieKiirroiiiKlinp:me(liuiu  actsiu  geiici*al  upon  tlie 
bacteria  in  sndi  a  way  that  when  it  falls  the  life-processe«  of  the  organ- 
isms l)econie  weaker  and  slower,  and  finally  cease  entirely,  whereas  with 
an  elevation  of  the  temperature  they  rise  to  a  certain  maximum,  and  at 
a  slight  incre^ise  above  this  suddenly  cease;  still  higher  temperatures 
kill  the  fungi.  The  maximum  of  permissible  temperature  lies  at  a  dif- 
ferent height  for  ditferent  fungi,  and  is  in  part  dependent  also  upon  the 
character  of  the  nutrient  sul)stance.  There  are  forms  of  bacteria  which 
grow  well  at  a  temperature  of  55°  C.  or  higher. 

A  low  temperatui-e  checks  development  in  all  varieties;  they  fall  into 
a  state  of  immobility,  but  do  not  die  even  at  great  degrees  of  cold.  The 
immobility  due  to  cold  occurs  at  different  temperatures  with  different 
varieties.  The  most  favorable  temperature  for  development  lies  between 
30°  and  40°  C.  for  the  anthrax  bacillus;  at  temperatures  al>ove  44®  and 
1m»1ow  15''  (\  its  develojunent  ceases.  3Iany  bacilli  form  spores  only  at 
high  temi)ei'atures. 

Boiling  tcater  and  stfam  at  100^  C.  kill  all  bacteria  and  bacterial 
spores  if  allowed  to  a(?t  for  some  time.  In  dry  air  bacteria  and  their 
spores  withstand  higher  temjKjratures,  so  that  a  temperature  of  140®  C. 
for  three  houi^s  is  necessary  to  kill  the  latter.  Many  bacteria  are  killed 
at  a  temperature  of  60°  to  70°  C,  provided  it  is  kept  ui>  for  a  very  long 
time. 

Anthrax-spores  die  in  boiling  water  in  two  hours,  in  confined  steam 
in  ten  minutes.  The  action  of  steam  at  105°  C.  for  ten  minutes  kills  all 
spores.  Live  steam  kills  all  spores  in  ten  to  fifteen  minutes,  and  pene- 
trates very  well  into  the  objects  to  be  disinfected  (Koch,  Gaffky,  Loffler). 

If  fission-fungi  find  themselves  in  a  suitable  medium,  their  multiplica- 
tion can  still  bi>  brought  to  a  standstill,  since  the  fiuid  may  contain  sub- 
stances which  hinder  the  growth  of  the  bacteria  or  even  kill  them. 
This  elfect  is  i)r()(luced  by  many  substances  (sublimate,  lysol,  cu,rbolic 
acid,  iodine,  foinialdehyde,  etc.) — even  in  comparatively  gi-eat  dilution. 
Other  substiinces  act  injuriously  upon  the  bacteria  only  when  in  stronger 
concentration.  The  ix)int  at  which  the  multiplication  is  hindered  is 
always  reached  at  a  much  greater  dilution  than  that  at  which  the  bacteria 
are  killed.     Si>orcs  are  much  more  resistant  than  the  vegetative  forms. 

The  growth  and  multiplication  of  bacteria  also  ceiise  in  the  case  of 
insufficient  amount  of  water.  The  fact  that  fruits  i)reserved  in  sugar 
do  not  ferment  and  that  salted  and  dried  meats  do  not  putrefy  dei>ends 
upon  this  fiut.  Food -stuffs  can  also  Ih»  ])i'eserved  through  the  removal 
ot  water  and  by  the  addition  of  substances  which  are  dissolved  in  the 
tissue-fluids  and  in  this  May  increjuse  the  proportion  of  the  Siime  in  solid 
contents.  The  limit  at  which  the  fission-fungi  and  yeast-fungi  cease  to 
(ieveloj)  is  reached  at  a  much  higher  degree  of  humidity  than  for  the 
moulds. 

If  a  nutrient  fiuid  contains  other  lower  fungi  besides  the  bsu*teria 
there  often  takes  place  a  competition  between  the  different  micro-or- 
ganisms ;  and  fission-fungi,  yeasts,  and  moulds  may  crowd  one  another 
out.  Likewise  a  reciprocal  crowding  between  the  bacteria  themselves 
may  occur.  For  example,  cocci  may  he  crowded  out  and  destroyed  by 
bacilli,  or  one  form  of  bacillus  by  anotluM-.  This  would  happen  when 
either  the  composition  or  the  temperature  of  the  nutrient  medium  is 
more  favorable  to  one  foi-m  than  to  tlu»  othei-;  or  also  when  one  fonn  of 
bacteria  produces  ])nKlucts  which  act  injuriously  upon  the  other,  or 
Avlicn  one  foiiu  grows  more  I'apidly  than  the  other,  and  thereby  deprives 
its  (M>m])etitor  of  the  ncc(\ssji!y  food-supply. 
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According  to  investigations  by  Pasteur,  Emmerich,  Bouchard,  Wood- 
head,  Blagovestcheusky,  and  others,  me  aniaj^oinsni  L>etweeu  many  forms 
of  bacteria  is  shown  also  in  inoculation  experiments  on  animals.  By 
simultaneous  inoculatiou  with  different  bacteria  the  development  of  a 
pathogenic  bacterium  in  the  body  of  a  susceptible  animal  may  be  hin- 
dered. For  example,  the  development  of  anthrax  bacilli  may  be  hin- 
iiered  by  simultaneous  inoculation  with  erysipelas-cocci  (Emmerich)  or 
with  the  BaciUuH  piiocyanetiH  (Bouchard). 

The  question  as  to  whether  the  bacterial  cell  contains  a  nucleus  has  been  a  subject 
of  much  discussion.  A.  Fischer  denies  it,  while  Biitschli,  SchoUeliuSy  Ziemann,  Zettttow, 
\akam8hi,and  Feinbery  are  inclined  to  favor  the  affirmative  view.  According  to  Zett- 
now,  the  bacterial  cell  contauis  chromatin  or  nuclear  substance  mixed  with  the  ento- 
plasm;  while  the  covering  of  the  cell,  or  ectoplasm,  does  not  contain  chromatin.  Accord- 
ing to  the  investigations  of  Ziemann,  Z ettnov\ &nd  Fctnberg, it  is  possible  through  stain- 
ing with  a  mixture  of  methylene-blue  and  eosin  (RoTnanowaki-stain)  to  demonstrate 
within  the  majority  of  bacteria  a  ** nuclear  substance"  or  "chromatin"  {Ziemann, 
Zeitnow)  or  a  "nucleus"  {Feinbery) — that  is.  thei-e  may  be  demonstrated  within  the 
bacteria  structures  of  varying  size  which  stain  red  like  the  nuclei  of  malarial  plasmodia 
{Ramanowski)  or  of  other  protozoa  or  of  tissue-cells,  while  the  cell-plasma  takes  a 
blue  stain.     According  to  Nakaniahi,  circumscribed  nuclei  are  found  m  voung  forms. 

The  /^omanou'sAV-stain  is  a  mixture  of  methylene-blue  and  eosin,  whereby  a  red 
dye  contained  in  methylene-blue  {Rosin,  Berl.  klin.  Wochen.,  1809;  Nochi,  Cbl.f.  Bakt., 
1899)  is  precipitated.  Zettnow*8  formula  is  as  follows:  50  c.c.  of  a  one-per-cent 
solution  of  a  Hdrhst  methylene-blue  is  treated  with  3-4  c.c.  of  a  five-per-cent  solution 
of  soda.  To  2  c.c.  of  this  there  is  added  drop  by  drop  while  shaking  1  c.c.  of  a  one-per- 
cent solution  of  Hitchst  eosin  BA.  Stain  nve  minutes  on  cover-gmss  and  examine  in 
water. 

According  to  ^dgeli,  Zopf,  and  others,  many  fission-fungi  possess  a  membrane  of 
cellulose  or  of  a  carbohydrate  closely  related  to  cellulose.  Certain  bacteria  {red  sul- 
phur bacteria)  combine  within  their  cell-substance  coloring-matter;  others  {Bacillus 
amylobacter,  Spirillum,  amyloferum)  give  at  certain  stages  of  their  development  the 
starch  reaction  with  io<lin. 

Babes  and  Ernst,  by  means  of  especial  staining  metho<ls  \\ith  Ldffler*s  methylene- 
lilue,  hflBmatoxylin,  and  Platncr's  nuclear  black,  have  demonstrated  the  presence  of 
granules  xn'thin  different  form^  of  bacteria,  which  according  to  their  behavior  probably 
stand  in  some  relation  to  the  processes  of  division  and  spore-formation.  Ernst  desig- 
nated the  appearances  seen  by  him  as  sporogenous  granules,  since  he  was  able  in  certam 
bacteria  to  demonstrate  their  transition  into  spores;  he  is  inclined  to  regard  them  as  of 
the  nature  of  cell-nuclei,  a  view  which  Biitschli  also  favors.  Bunge  regards  the  gran- 
ules described  by  Ernst  as  cell-granules  which  have  nothing  to  do  with  spore-forma- 
tion, and  describes  other  granules,  which  stain  with  Ldffler's  methylene-blue,  as  the 
forerunners  of  spores.  Marx  and  Woithe  regard  the  Babes-Ernst  granules  as  not  being 
nuclei  in  the  ortlinary  sense  of  the  word,  but  as  representing  products  of  the  maximal 
condensation  of  the  euchromatic  substance  of  the  cells,  which  are  a  sign  of  the  highest 
intensity  of  vit,'Uity  on  the  part  of  the  cell.  Wagner,  on  the  contrary,  holds  that  cer- 
tain bodies,  which  he  has  observed  in  typhoid-  and  colon-bacilli,  are  nuclei. 

According  to  Nakanishi,  the  spores  form  (in  anthrax-  and  hay-bacilli)  by  a  concen- 
tration of  the  chromophile  substance  about  the  nucleus,  while  the  remaining  portion  of 
the  protoplasm  becomes  clear;  a  membrane  is  then  formed  about  the  chromatin  body, 
it  takes  on  a  fat-like  shine,  and  loses  its  power  to  take  stains  (methylene-blue  BB). 

The  bacteria  are  able  to  take  the  carbon  necessanr  for  their  growth  from  most  of 
the  carbon  compounds  which  are  soluble  in  water.  They  can  also  derive  their  carbon 
from  dilute  solutions  of  substances  which  in  greater  concentration  are  injurious  to  them 
— as,  for  example,  from  benzoic  acid,  alcohol,  salicylic  acid,  phenol,  etc. 

Their  nitrogen  is  derived  from  albuminous  matter;  further,  trom  those  compoimds 
designated  as  amins  (methyl-,  ethyl-,  propylamin),  amido-acids  (asparagin,  leucin) 
and  amides  (oxamide,  urea),  as  well  as  trom  the  ammonia-salts  and  in  part  also  from 
nitrates.  The  albuminates,  previous  to  their  assimilation,  are  changea  into  peptone 
by  means  of  a  ferment  given  off  from  the  bacteria.  Free  nitrogen  cannot  be  assimi- 
lated as  such.  Nitrogenous  and  non-nitrogenous  compounds  are  not  only  assimilable 
as  such,  but  also  in  combination.  The  fission-fungi  are  able  to  take  nitrogen  from 
ammonia  and  nitric  acid  only  in  the  presence  of  organic  carbon  compounds. 

Sulphur,  acconlinc:  to  Nageli.  is  essential  to  the  schizomycetes.  and  they  take  it 
from  sulphates,  sulphites,  and  hyposulphites.  The  other  mineral  substances  men- 
tioned above  are  derivtnl  from  various  salts.     If  in  the  case  of  an  abundance  of  nutrient 
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material  there  is  too  little  water  present,  all  further  growth  ceases;  yet  many  of  the 
fission-fungi  are  able  to  dispense  with  water  temporarily.  Spores  suffer  little  from 
drying. 

Many  bacteria  are  very  sensitive  to  acids,  so  that  even  a  slight  degree  of  acidity 
hinders  their  growth  (for  example,  anthrax  bacilli  and  the  Fr&nkel-Weichselbaum 
pneumococcus).  Others  are  able  to  grow  with  a  moderate  amount  of  acid  in  the 
nutrient  fluid.  As  a  general  rule  they  are  especially  sensitive  to  mineral  acids,  but  the 
presence  of  a  large  amount  of  citric,  butyric,  acetic  and  lactic  acids  hinders  also  their 
multiplication.  In  this  connection  belongs  the  fact  that  the  products  of  decomposi- 
tion caused  by  the  fennentative  action  of  the  fungi  are  at  a  certain  degree  of  concentra- 
tion harmful  to  the  development  of  the  fungus,  and  finally  stop  its  growth  entirely. 
Thus,  for  example,  in  butyric-acid  and  lactic-acid  fermentation  the  amount  of  butyne 
or  lactic  acid  gradually  formed  finally  checks  the  multiplication  of  the  fungus.  A 
similar  result  occurs  in  the  bacterial  putrefaction  of  albumin,  since  the  products  of  the 
same,  such  as  phenol,  indol,  skatol,  phenylacetic  acid,  phenvlproprionic  acid,  etc., 
hinder  the  further  development  of  the  bacteria.  To  alkalies  tlie  fission-fungi  are  less 
sensitive,  and  many  can  bear  a  rather  high  degree  of  alkalinity  in  the  nutrient  fluid, 
but  there  also  exist  forms  which  do  not  thrive  in  alkaline  fluids  (acetic-acid  fun^s). 

According  to  the  investigations  of  Pfeffer and  Ali-Cohen,  many  motile  bacteria  show 
chemotactic  properties — that  is.  they  are  attracted  or  repelled  by  certain  chemical 
substances  dissolved  in  water.  Bacteria  swimming  about  in  fluids  collect,  therefore, 
at  places  where  there  are  chemical  substances  which  attract;  for  example,  typhoid- 
bacilli  and  cholera-spirilla  are  attracted  by  potato-juice  (Ali-Cohen),  Potassium 
salts,  peptone,  and  dextrin  likewise  attract,  but  the  individual  forms  of  bacteria  be- 
have very  differently  toward  these  substances  (Pfeffer).  Free  acids,  alkalies,  and 
alcohol  have  a  repelling  action. 
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§  149.  The  growth  and  multiplication  of  the  fission-fun s^i  give 
rise  always  to  chemical  transformations  of  the  nutrient  material, 

which  are  brought  about  in  i)art  through  the  infiueiice  of  ferment  pro- 
duced hij  the  Inwtenu,  aiul  in  part  dii-ectly  through  the  metaholie  pnKeHHex 
occurring  within  the  cells  thrmsclns. 

Among  the  ferments  or  enzymes  are  to  be  nientioueil  firat  ilm proU- 
obftic  or  (dhuniin-disHolrinf/  cnzi/nics  {hactcriotri/pifin^)  which  bring  about  a 
solution  of  the  albuminous  bodies  and  eausi*  tlie  disintegration  of  the 
peptone- molecule.  Further,  bacteria  give  rise  to  dinHtatic ferments  which 
convert  starch  into  sugar,  also  to  inverting  fcrnicntiiVf\\\{*\i  transform  cane- 
sugar  (disaecharid )  into  grape-sugar  (monosaeeharid). 

The  chemical  results  of  bacterial  metabolism,  wliich  are  brought 
about  l)y  the  vital  activities  of  the  lission-fungi  aidiKi  by  the  enzymes 
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produced  by  tbeiu,  consist  in  tlie  first  place  of  a  decomposition  of  com- 
plex organic  compounds.  By  many  authors  all  these  processes  are  desig- 
nated }is  fermentations,  while  others  (Lehmann)  speak  of  fermentation 
only  when  a  fission-fungus  breaks  down  a  given  food-material  with  espe- 
cial ease,  thereby  giving  rise  to  one  or  more  especial  products  in  marked 
quantity,  in  association  with  or  in  place  of  its  other  metabolic  products. 
Other  authors  still  narrow  the  term  fermentation  to  the  decomposition  of 
carbohydrates. 

In  the  decompositions  caused  by  the  fission-fungi  very  different 
products  are  formed,  which  vary  according  to  the  composition  of  the 
nutrient  material  and  the  character  of  the  fission -fungus.  For  the  pro- 
duction of  fermentation  a  proper  fermentable  material  is  necessary. 
Many  fungi  are  able  to  cause  fermentation  in  the  presence  as  well  as  in 
the  absence  of  oxygen,  while  to  some  of  them  a  lack  of  oxygen  is  neces- 
sary. 

Among  the  products  of  bacteria  of  especial  importance  to  the  physi- 
cian are  those  which  have  a  poisonous  action  and  cause  tissue-changes, 
to  which  belong  particularly  those  substances  which  are  described  jus 
ptoma'inSy  toxitis,  and  endotoxins. 

The  ptomains  are  basic,  crystallizable,  nitrogenous  products  of  the 
bacterial  decomposition  of  albumin;  they  are  also  known  'a^ putrefactive 
alkaloids  or  cadaveti^  alkaloids.  They  show  in  part  poisonous  properties. 
The  best  known  are  sepsin,  putrescin  (dimethylethylendiamin),  cadaver- 
in  (pentamethylendiamin),  coUidin  (pyridine  derivative),  peptotoxin, 
neuridin,  neuriu,  cholin,  gadinin,  and  substances  resembling  muscarin. 

The  true  toxins  are  specific  bacterial  poisons  produced  by  pathogenic 
bacteria  and  are  secreted  by  the  latter,  giving  rise  to  the  severe  symi>- 
toms  produced  in  diphtheria,  tetanus,  and  sausage  poisoning.  The  en- 
dotoxins are  substances  clinging  to  the  bacterial  cells  that  also  have  a 
poisonous  action.  In  the  bacterial  cell  there  occur  also  the  bacterial 
proteins  which  give  rise  to  local  tissue- necrosis  and  infiammation.  The 
significance  of  these  substances  in  the  infectious  diseases  has  already  been 
mentioned  in  §  11. 

Among  other  decompositions  produced  by  bacteria  the  following  are  worthy  of 
note:  the  formation  of  lactic  acid,  formic  acid,  acetic  acid,  propionic  acid,  butyric  acid, 
often  also  the  formation  of  alcohol  and  carbonic  acid  from  sugar;  the  formation  of 
acids  (acetic,  butyric,  propionic,  valerianic,  succinic,  formic,  and  carbonic)  from 
alcohol  and  organic  acids;  the  formation  of  indol,  skatol,  phenol,  cresol,  pyrocatechin, 
hydrochinon,  hydroparacumaric  acid,  and  paroxyphenylacetic  acid  {von  hencki, 
Salkowskif  Brieger),  and  finally  hydrogen  sulphide,  ammonia,  carbonic  acid,  and 
water  from  albumin;  the  formation  of  ammonmm  carbonate  from  urea;  the  trans- 
formation of  nitrous  and  nitric  acids  into  free  nitrogen;  the  reduction  of  nitrates  to 
nitrites  and  to  ammonm,  etc.  Finally,  there  are  also  bacteria  living  in  the  soil — the 
nitro-bacteria — which  are  able  to  form  nitrous  and  nitric  acids  from  ammonia  iWim^ 
(fradsky). 

Along  with  the  nitrification  of  nitrogen  there  occurs  simultaneouslv  a  decom- 
position of  earthy  alkali  carbonates,  as  shown  by  the  fact  that  the  nitrobacteria  are 
able  in  the  presence  of  organic  carbon  compounds  to  derive  from  the  carbonates  the 
carbon  necessary  to  the  building-up  of  the  cells.  There  takes  place,  therefore,  through 
the  vital  activity  of  these  organisms,  a  synthesis  of  organic  material  out  of  inorganic 
substances. 

Under  the  influence  of  the  fisaion-fungi  there  are  formed  bitter,  sharp,  nauseating 
substances  (bitter  milk).  Further,  bacteria  occasionally  pro<luce  pigments  of  a  red, 
yellow,  green,  blue,  or  violet  color.  For  example.  Bacillus  prodigiosus  produces  a 
blood-red  coating  upon  bread  (bleeding  bread);  bandages  ana  pus  take  on  a  bluish- 
green  color  as  the  result  of  the  presence  of  the  Bacillus  pyocyaneus.  In  many  cultures 
there  is  also  formed  a  fluorescent  coloring-matter. 
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The  phosphorescence  not  infrequently  seen  upon  decomposing  sea-fish  depends 
also  upon  bacterial  products  of  decomposition,  as  has  been  shown  by  Pflugtr,  and 
appears  when  there  is  an  active  multiplication  of  the  bacteria. 
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2.    (iKN'KRAL  CONSIDKK.VTIOXS  ( 'o.NCKRNINli    THK   PATHOGEXK^  ScHIZO- 
.MYCKTKS   AM)   THKIU    JiEHAVlOR    IN    THK   IIUMAN   ORGANISM. 

S  150.  As  has  alrea<ly  been  ex])laiiie<l  in  S  H.  there  are  among  the 
sehizoinyeetes  nninerons  species  which  are  capable  of  euusiiig  disease- 
processes  in  the  hninan  orj^anisni,  and  are  therefore  called  pathos:eiilc 
schizomycetes.  The  first  condition  of  sn<'h  action  is  evidently  that  the 
bacteria  concerned  ninst  i)os.sess  i»ro])erties  enabling  them  to  midtipiv  i» 
tin*  tis.snes  of  the  living  human  body.  They  must  therefore  find  in  the 
tissncs  the  suitable  nntrient  material,  and  in  the  body-tempenitiire  the 


PATMOGENESIS- 


559 


wnrmtli  nrressary  to  their  i^rowth.  Tlit^  tissues,  morftov**r,  imisf  iicit 
rniitniii  snlfstaiivrs  whirh  ;iTt*  a  !nn(li*xinc'p  to  tlieir  frrowth  (ef.  Ji  -HI ). 

ir  ijatlHiir^^'ini'  fission  fiiu|j;!  suceeed  in  ^rowiii^'  in  the  tissues  of  tlie 
IhhIv,  if  infection  liikt*s  plare  (ef.  4;  11),  their  aeiioii  is  in  general  elmr- 
aeterizetl  by  t!ie  prod itel  ion,  4fl  the  point  of  multipUration,  of  ifHstir-iief/efter' 
ittion.s,  necrmiH,  iuftHmmattott,  and  finvf/nncthx  of  linHue,  while  at  tin*  siinie 
time  1 1 1  e  t  fui  n  h  j >  r t^*  1  u  e  ( **  1  1  *  \'  t  \  a*  n »  t  ^a  1 1  s<^  m  tf  ff  if  fstfif  i<  *  uh  of  p^nho  w  t  itf/. 

In  iialiviilnai  eases  the  paUiohij^rieiU  proeessivs  vary  gieatly,  in  that 
the  distrihntitoi  of  the  haett*ria  in  the  oriranisnj,  and  tlnnr  ioeal  aetion, 
as  well  as  the  (iroduetitin  of  the  poisons,  difTer  greatly  with  the  difTerent 
fui  rns  of  l)m"teria. 

With  many  tlie  lorol  miion  n\Hm  the  tissue  is  the  most  pronuneiit 
ehar*ieteristie»  with  others  Uie  fpitrntl  itttojrmtfioti.  3Iaijy  bacteria  ronjine 
fhf'ttifiHreH  to  the  refpon  in  irhirh  (heif  have  gained  entrance  ;  othern  mleanee 
nninfernipfedtif  upon  the  snrronndinff  fiMMnes  ;  others  still  an*  earrie<l  by  the 
l»lofMl  anil  lynjiih  streams  and  lead  to  tin*  UnnrMUni  of  uietaxtitfie  foei,  and, 
linally,  others  inereft-^e  trifhin  the  httmif. 

If  a  spiead  of  the  Ijaeteria  takes  plaee  through  the  blood,  the  baete* 
ria  in^tff  pti.ss  frf^m  the  nutther  to  the  ffitns  during  jne^quiney,  since  the 
l*lne«^nta  forms  no  eertain  iilter  aj^uinst  patln»geiiie  baeteria.  This  has 
liren  <lrnionsliatt*d,  tor  exami»le,  in  the  e;ise  of  anthrax-biieilli,  baeilli 
of  synii*tomatie  anttirax,  ghinders-bat*illi,  sjvirilla  of  relapsing  fever, 
typhoid-baeilli,  the  ]nieninoeoe<nis,  and  tInOnlMMrle  baeiUns.  Aeeording 
to  observations  ijf  Malvoz,  Bireh-Hirselifidd,  and  Lai  is,  changes  in  the 
phieenta,  sneh  as  ha-nnirrhages,  hjss  of  epithelium,  and  alteratimis  of  tlie 
vt»ss«d- walls,  faviir  the  pjussiige  of  baeteria.  Moreover,  bacteria — as,  for 
exaniph\  anUirax-lnu-illi— can  grow  tbiougli  the  tissui*-spaces.  In  gen* 
«*ral  the  passage  of  baelt*ria  from  the  another  U*  the  foetus  ]jresup[»oS4*s 
I  fiat,  afb'r  ttir  entiance  of  these  «»rganisms  into  tlie  cireuhiting  lilootl  of 
tlie  mother,  the  lattiM'  slial!  n-rnain  alive  at  least  loug  enough  to  alhiw  of 
th<*  piussage  of  tin;  liacteria  itdo  the  fo'tus. 

The  bacteria  which  succeed  in  multiplying  within  the  junnan  organ- 
ism ifie  (Hit  (ffpfiii  in  nmntf  cone^  tritktn  o  nhoti  lime ;  and  the  disciiiit*  yi'o- 
dueed  by  them  may  pnan^^ed  tu  recovert/  (ef.  §  31).  Nevertheless,  it  not 
bifref|nenlly  happens  tliat  theif  ore  ptrHerved  for  a  longtime  n^ithin  the  tmdy, 
and  either  eseite  a  eontinnon.s  diaeiftte  proeeax^  or  at  tiinrs  rrmain  in  a  con- 
dition *if  inactivity,  so  that  mj  i>atholugieal  process*»s  are  recognizable 
until  fffter  a  ton fpr  or  shorter  period  of  idtenrif,  an  ortive  reprodurtton  Offtiin 
taken  phwe  and  niffnifratatitHoi  of  diiieane  sht^r  fhemJieiveji  anetr, 

Nnl  infietjueiitly  a  secondary  infection  associates  itsc^ If  with  an  infec- 
tioii  alreatly  existing.  The  rclatimi  l>eiween  the  two  infections  is  either 
that  thcs^HHuul  infecti(»n  fol  lows  the  lii-st  accidentally,  ortliat  through  the 
tirst  infeetitm  the  soil  is  prepared  for  the  second  (cf.  §  H)* 

Finally,  ttiere  not  infiequcntly  occur  double  infections,  in  that  tw^o 
or  more  forms  «if  bacteria  develop  eoiucifh*ntly  in  the  tissues,  and  pro- 
duce tin*ir  t'liaiaetci  istic  injnriuns  intliiein*e  uiNut  the  latter. 

Kach  patliogenic  tis^ion  fungus  has  a  specific  action  njiou  the  tissues 
of  the  hunntn  organism  ;  but,  ne^ertlndess,  diffrreut  Hpeeie.s  miti/ exert  ft  fdmi^ 
tar  aetion.  For  **xaniple,  thei'eiin^  various  bactt^ria  capable  of  imRhicing 
suppumtion.  Only  in  a  certain  proportitni  of  cas*'S  do  the  jvathohigicHl 
tissu<*  eliange.s  show  sneh  specitie  chaiactei'istics  that  from  thest*  the  si>e- 
cies  of  the  pathogmie  tission  fungus  can  be  recngnizeil  with  4'*^rtainty. 

Further,  it  h;us  Inh^u  demonsi rated  that  pathogenic  properties  of 
ba<.leria  are  by  no  means  constant;  that,  on  tin*  contrary,  tin  ir  virn 
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leiiee  varies,  s«»  tiiat  UiottTia,  which  caiuse  severe— that  is,  fatal  — iiifiH- 
tious  may  become  rUiinj^ed  (weakeiwMl)  throuj^h  external  iufluenoes,  m 
that  they  either  wholly  los4»  their  ])ower  of  causing  disease- processes  in 
the  orpmism,  or  at  lejust  cansi*  only  niihl  forms  of  disease.  This  pecu- 
liarity is  not  alone  of  tlunn-etical  interest,  but  is  also  of  ^reat  practical 
important*.  It  explains  to  a  (*in1aiii  extent,  on  the  one  hand,  why  a 
certain  inftM'tion  (hK?s  not  always  run  the  same  course,  and,  moreover, 
why  alonjx  with  S4»vere  attacks  lijjht  ernes  als4>  m*cur.  On  theotlier  hand, 
it  affonls  ns  the  possibility  of  obtaining  vuitrrial  for  infjrulation  from 
attenuated  cultures  of  bacteria,  by  ni«ins  of  which  mild  gnules  of  infe<-- 
tion  or  int«>xication  nui  l)e  produceil,  which  aiv  able  to]»n>tect  the  organ- 
ism from  .S4»veit*  infections  or  to  bring  alnmt  the  cure  of  an  infection 
already  acquiiiMl  (cf.  §  :V?). 

Weakening  of  the  pathogenic  properties  of  a  fission-fungus  csin  lie 
bnmght  alxmt  through  the  suitable  action  upon  cultures  of  the  ssime.  by 
high  temiM^ratun^,  oxygen,  light,  or  chemiciil  antiseptic  sul)stanct%  sis 
well  ;ls  l>y  the  (*u1tivation  of  the  fungus  in  the  body  of  a  less  sns<vptible 
animal.  In  some  fonns  it  is  only  necessary  to  cultivate  the  bacteria  in 
question  for  stmietiine  upon  artificial  minlia  (diplococcusof  pneumonia). 
or  to  expose  the  cultuiv  to  the  air  for  some  time  (Imcillus  of  chicken- 
ch4>ieni ).  in  oixler  to  bring  about  an  attenuation.  If  it  is  desinnl  to  pre- 
S4*rve  the  virulence  of  the  pneumoi'occus  ft»r  some  time,  it  is  necessary, 
from  time  to  time,  to  jisiss  the  bsicteria  cultivattnl  ujwn  artificial  media 
through  rabbits,  which  aiv  very  susct^ptible.  The  glauders-baoilli,  tu- 
iKM-cle-lwcilli,  and  the  choleni-.spirilia  lose  virulence  when  cultivate<i 
uninterrupt«Hlly  upon  artificial  meilia  for  simie  time.  The  strept4K*0CM*iis 
of  erysiiH'las  (  kmmerich)  U^comes  so  attenuated  thnnigh  continues!  cul- 
tivation in  bouillon  or  nutrient  jelly  that  it  is  no  longer  c^iNible  of  kill- 
ing rwu  mice. 

As  to  the  nature  «»1"  the  attenuation  i»f  virulence  of  Uicteria  by  tin* 
niellnMls  mentioned  alM»v<*,  it  is  possible  to  give  only  hypotheses.  II  the 
bacteria  rnltivated  lor  a  long  time  upon  artificial  nuKlia  change  in  virii- 
li^nre.  this  nia\  perliai»slK' explained  in  part  by:ussuming  that  in  a  s«»ries 
of  •xrnerations  the  less  \  iruleiit  varit*lies,  whi<-h  suivly  oftt'ii  arise,  gnid 
nally  gain  the  upper  hand.  For  the  attenuation  of  virulence  by  heat, 
clu'niical  agents  etc..  >ncli  an  4'\])lanation  is  not  ade<piatt*.  In  this  c:t^' 
tlH-re  is  v<*iy  probably  a  genei-.d  w«*akening  nr  degenenition  of  the  pn>tn- 
pla.NiN.  and  in  harmony  with  this  theory  is  the  fact  that  such  bacteria 
show  a  diminution  in  ener;:y  of  growth. 

It  liji-  pri-M-'K  «■  of  b:i«  i«  ?i;i  \h-  >iiv|uit,.l  in  any  ti««««ui'-t1ui(l  t»r  in  tlir  ii*.sin'  pann 
i-iiyiii-i.  :]]!  ir  •!:  in<<n^ini(iMn  may  tirvi  \tr  an<-ii)]iii«l  l>y  iiu'aiis  of  a  microscopical 
investigation.  o«  ca^ionaiiy  tliis  i>  xiK-crNvtn!  li\  ilir  inrn- i.'\aiiniiatiiiii  nf  a(lnipi>:' 
Till"  v.ivji.  itr<l  Iliii-l  mf  nt"  a  ^iiuar  pn-paiaiii'ii  nt  iln-  lixvui-  juicj*  ililutiil  with  salt-S'i'. 
ii"!i  -r  <li*«iillr»l  \\a:«T.  In  «iilKr  la^s  it  i^  nri-<-'»Nirv  in  cTnploy  ^wrr'/i//i/7 //i//A'«/j).  in 
wiiirli  ca^r  i'<iv»r  «'la^N  snicar^  i»f  Tin*  lluiil  ;:r«'  nia<l«-  ami  ailt>\\(<l  l«»  ilry.  Tln'  <ini-arMi 
ii'\i  r-LTli**"*  i"^  thin  ti\i<i  by  pas^imr  ihrmijli  ilu*  tianir.  an«l  afti.T  rtNilini:  i«i  Maiii(-<i. 
K"r  'lii<  piirp<»^c  nntn\lrn«  Mur  i<  pi»|iraM>  tinpi«»yiMl.  in  a  pn*paniti<>n  fif  a  nn« 
p«-r  r.iiT  in«;li\  Itiii -Muf  s<ilu:iin  in  a  l-l«»  n».<MMi  >,i|iiti(»n  of  laiKtir  pi>tash.  \Va!»  r 
*««  ii.:i>'n>  nt  l:;rijvin  ainl  nitthyl  \  i..l.  i  an-  al>"  fn-tiiK-ntly  nsi-<i.  For  many  btirtt  rii 
tIji  n- art' r:MpI.>\i-l  i--pirial  stainiiii:  nit  tli"«l^.  in  wliiili  nnlinarily  iIh*  pn-panitinnsarc 
In  avily  nvor*«:ai:.' -i  w  iil»  a  snliri-  n  ••!  ::•::■  i»'i  m«»1'1  nr  fnclisin  in  anilim-  wai«T.  «»rwiili 
a  '.vit'-r  ««''!".rii'n  it  UMiliyl  xiiii-  ;  ::.<•  .-\(  •  <->.  nt  ««*ai!i  tlirn  t»ring  n'nmvi-d  l»y  nn-ansof 
■.v«-ik  ar-i-jsiiF  hy  i-Mlini-anil  aii-li.  i  '/  •  '»  ni.  !1mh1..  In  this  way  it  i<  nfti'n  hn)U.:;lit 
ai'u'.i'  :...it  :li»-  ha<T»iia  alnni-  !•  !i;aiii  ««;aiv.<  '1.  *>:i-  i\  (•Ttain  forms  of  bacMt  ria  only. 

WijfU  it  isil<viri  .1  :■•  ii>  !:..<•  <i:i:>  ii-.  i  t.  -  •  r,-  n,  bjc'i-ia  in  ti-ssui-^,  small  |*nrtion< 
■  *  "he  ti  — •;<  av'-  li  ji'li  :i«il  i-i  f  rnia!!:!  it  in  ab^nliitr  aU'ohol.  ami  arc  tlii'n  rut  into  !i« 
t/iiu'ii*'   ;^.Aj^i''.'.    ^.  i-.'i"  .*.    ..-'■-,.•/.   ./.,     A*.'.  .41/    '  I,    it,-,'i''fjirinff    Ui4tfi"f*.     Jlcn*   acaiii    tl. 


TTiellnKlft  most  froqiiently  nnployiMi  nw  tlK»st*  miuirinnrd  abovt*:  jj:f?ull!in-viol4"t,  mc*thyl- 
vidlei.  ami  fuHjsin,  Good  obji^elivea  aru  netpi^iairy  for  tlir  inicro^eojiif!  exainiimticmi  if 
pr^sjiibli',  oil  imiiiersicm  leoacs  aud  iUumioatkm  with  f^yljstugf^  coddcugc'r  HliiniM  im 
I'lripliiyi'tl. 

If  lh^mJ^^1l  imy  ivK'thrMl  ilu*  ini'Sf^iit-r  of  bacteria  in  iIh-  nssuo  Im^  Imtii  demou- 
gtmtsid,  the  iittmipt  is  lll^\L  iiuuh-  ti>  cultivate  ihitn.  For  tlti^  purjHisr*  \\u*  rtiPllitHl^ 
devrlnpc'd  by  h'fH-h  are  UHUiilly  LMiijdoy*  d.  'rb«'M\  in  |iri!nip!c.  coimisi  in  obtaiuirii^ 
(infill  iiuid  4'oiiUuning  tbti  iiarii'dii,  liy  niciyis  of  stTupijit:  tiif  lis^suf  or  by  rubbing  tip 
piiMH-s  of  tissue  in  Rlerib/rd  sjili-snbitinri.  TJii8  fluid  is  tbt  n  evriily  distrihuU-d  in  u 
soliHinn  of  i^adatiii  or  Hu:rtr  which  has  been  liiinefitd  by  waninn^;  and  Ibe  iiiixinn' i*? 
fhi'ii  pt>nrc*d  upon  }ioH/<Jiitfil  irhiss  jiliites.  t^^Iidifyin*:  as  it  rtM»k  Tlie  individual  bac 
teria.  or  spores,  tl»ns  separatt'd  frmn  vnvh  otluT  di'Vflop  in  i\u   (irni  nutrieid  mcniitjai 

By  51  pro[ii'T  appliraUon  of  tins  m*^tl»wl  tin  ri' an- otitainrd  in  tia*  layer  c»f  celatin 
various  <'o|onit*s  (Piir.  435)j  wliich  ililTcr  in  rippfaranoc  ho  ihat  tliey  uiay  often  be  dilfcr 
L-ntiatt'd  from  cacli  otiuT  hy  the  iiakrd  i-ye  alniie.  When  stilVlt'iintly  M*puru!erl  froia 
one  anotlier,  the  rndividnal  colonies  umy  be  taken  up  by  nieaiiH  of  ti  liiii'  idatinuui 
needle,  and  Inmsferred  either  to  a  boiled  potjito,  or  to  a  sterile  ^ebitin  pbde,  or  stretiktil 
upon  the  snrfiiee  r>f  the  solidified  nutrient  lluid  in  a  test  tube.  Very  often  t!ie  infected 
needle  iHStuek  into  the  solidified  transparent  medhitn  cnntaiui-d  in  u  test  tube. 

If  the  culture  oa  the  i^elaiiii  plaU'  is  pure,  and  if  the  entire  proreihire  is  earriwl  out 
with  the  neeessiiry  care  and  the  avoidanc:e  of  eontatriinatioTi,  purt*  eulture,s  nuiy  be  ob- 
tained by  this  method.  In  stab-eulfiirefi.  as  well  as  in  smear-cultures  on  prjljifoes  or  any 
other  nutrient  medium,  special  pectdianties  often  show  ihemf^eiveH  wbjrh  niuki-  it  pos- 
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aible  for  tlje  experieneed  observer  to  reeognize  the  form  of  baeteriii.  At  limt^,  how- 
ever, it  is  necessary  to  lanke  a  thorough  uderoscopie  exatidnation  of  the  colonies. 

It  is  evident  that  all  Ihe  above  laanipulaticais  must  lie  earned  out  with  care,  and 
tlmt  aljsolute  deanliuess  of  tbitiustruments  urlhI  ^glass-plates  ajid  test  tubes — as  well 
as  perfect  sterili/jation  of  the  nntrietit  medium  are  ne<*essary.  The  propar  methods  of 
aterilixation  m  whieh  a  long  eonlinued  lieatini;  or  an  exposure  to  hi^^h  temperatures 
plays  an  iinportjint  role,  are  liest  learned  in  f>roperly  equipped  labr oratories.  The  neces^ 
sary  giiidane<i(  ts  furnished  in  the  various  b(jok*i  onbaeteriologieal  meth«jds  of  examina- 
tioD,  which  luive  recently  aftpeared. 

An  infusion  of  meat  containing  peptone  and  gelatin  is  commonly  employed  ft t 
making  plates.  It  consists  of  a  watery  infusion  of  chopped  meat,  to  which  a  definite 
amount  of  pept^me  am!  Siilt  is  addi-d.'  This  is  further  neutrulized  with  carbonate  of 
soda,  aud  en<JUL;h  gelatin  is  fidded  to  give  a  solid  consistence  at  oniimiry  temperatures. 
For  streak  and  st>di  cultures  this  same  gelatin  fa  sometimes  used;  at  other  times  a 
jelly  made  of  a  mixture  of  a  Avatery  extraet  of  meat,  peptone,  and  agar-agar;  or  again 
blood  serutn  which  Ims  i)een  coagulated  by  winning. 

For  stab-cultures  the  jrlly  is  allowed"t">  s<iiidify  witldn  the  ti'sttulvc  in  a  parpen- 
dicular  fiosifiou ;  for  streak  cultures  the  test  tube  is  kept  in  an  oblique  position  until 
the  jelly  is  set, 

Bt*»rili7,ed  bouillon  ia  often  used  for  cultures.  The  inoculated  nutrient  media  aa' 
kept  either  at   rf)om-tetnpemture  or  at  higher  temperatures  in  an  incubating  oveiv 
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(80^-40''  C).  The  proper  nutrient  medium  to  be  used  in  individual  cases  must  be  deter 
mined  by  experiment.  Exp<;rienee  has  shown  that  the  individual  bacteria  behave  very 
(lifTerently  in  this  respect,  some  growing  best  upon  one,  others  upon  another  medium. 
To  the  nutrient  medium  tliere  are  often  aSded  with  advantage  sucli  substances  as  sugar, 
glycerin,  urine,  brain-substance,  etc. 

It  is  self-evident  tlmt  tlie  processes  briefly  described  above  may  be  modified  accord- 
ing to  the  necessities  of  the  case.  For  example,  in  those  cases  in  which  it  is  necessary 
to  grow  the  bacteria  at  high  temperatures,  tlie  use  of  gelatin  should  be  avoided  and 
agar-agar  plates  should  be  made  instead.  Occasionally  membranes  or  exudates  from 
Ruicous  surfaces  (diptitheria)  or  small  bits  of  excised  tissue  are  placed  directly  into  the 
culture-medium.  When  it  is  desired  to  examine  the  cultures  dii-ectly  under  the  micrcj- 
scope.  cultures  may  be  made  upon  glass-slides.  In  the  case  of  many  bacteria,  a<% 
cholera-spirilla,  the  U9o.  of  hanging-drop  cultures  is  advised.  In  this  method  a  drop  of 
sterilized  bouilUm  hangs  down  from  the  under  surface  of  a  cover-glass,  and  is  inocu- 
lated from  a  previously  cultivated  pure  culture  of  the  fimgus.  The  cover-glass  is  then 
])lac(Hi  over  the  excavation  in  a  hollow  ground-glass  slide.  Evaporation  is  prevented 
by  the  exclusion  of  the  outer  air  from  the  cavity  in  the  slide,  by  a  rim  of  oil  or  vaseline 
placed  beneath  the  edge  of  the  cover-glass.  By  this  method  the  multiplication  of  bac- 
teria can  be  observed  for  a  long  time. 

When  bft^tena  are  wnight  in  tcater,  a  definite  amount  of  the  suspected  water  is  dis- 
tributed in  gelatin,  and  plate-culiures  arc  made.  Ktirth  is  rubbed  up  with  sterilized 
salt -solution;  ^n>  is  made  to  pass  in  definite  amount  through  a  sterilized  salt-.solutioD: 
and  the  salt-solutions  thus  infected  arc  then  mixed  with  gelatin,  and  from  this  gelatin 
plates  are  made. 

The  culture  of  barteria  on  and  in  dilTeR'nt  media,  accompanied  by  the  microscopic 
examinati(m  of  the  different  stages  of  development,  serresfor  a  more  exact  cJiaract^nza- 
Hon,  and  thereby  for  the  differentiation  of  the  H)teeies  of  the  bacteria  in  qucMion.  After  its 
properties  have  been  thoroughly  studied  in  this  way,  the  influence  of  the  tmcteriuni 
upon  the  animal  organism  istesteil.  As  experimental  animals,  rabbits,  dogs,  guinea- 
pigs,  rats,  mice,  and  small  birds  are  most  frequently  employed.  The  bacteria  to  be 
tested  are  intrcHluced,  sometimes  under  the  skin,  sometimes  directly  into  the  blood- 
current,  sometimes  by  inoculation  into  the  internal  organs,  sometimes  by  inhalation 
into  the  lungs,  or  sometimes  by  administration  with  the  food  into  the  intestinal  canal. 
Biicteria  can  be  regarded  as  pathogenic  for  a  jjiven  animal  when  they  multiply  within 
the  tissues  and  excite  disease  processes.  If  relatively  laree  amounts  are  inoculated,  the 
animal  experimented  upon  may  die  under  certain  conditions,  even  if  tlie  bacteria  <io 
not  increase  at  all  in  its  body,  since  the  poisonous  subsUmces  formed  in  the  culture  and 
introduced  by  inoculation  oitcn  suffice  to  kill  the  animal. 

Experience  has  taught  tlmt  only  some  of  the  bacterial  infections  which  occur  in 
man,  when  inoiMilated  into  animals,  run  the  sjune  course  as  in  man,  and,  indeeil,  only 
those  which  also  occur  otherwise  in  animals,  in  other  cases  the  pathogenic  fission- 
funpi  occurring  in  man  or  in  certain  animals  are,  it  is  true,  pathogenic  for  the  exiH*ri- 
nu*nt4il  animal,  but  the  pathological  process  shows  another  localization  and  another 
course.     In  a  third  case  the  experimental  animals  are  in  part  or  wholly  immune. 

Inversely,  fission-fungi  that  are  often  extremely  pathogenic  for  the  experimental 
animals  are  harmless  for  other  animals  or  for  mau. 
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II.  The  Different  Forms  of   Bacteria  and  the   Infectious    Diseases 

Caused  by  Them. 

I.  The  Cocci,  or  Sphjerobactebia,  and   the  Morbid  Processes 

Caused  by  Them. 

(rt)  (iefieral  Considerations  Regarding  Hie  Cocci, 

g  151.  The  cocci  or  coccaceas  (Zopf)  ai*e  bacteria  that  occur  exclu- 
sively iu  the  form  of  round  or  oval  or  lanceolate  cells.  In  their  multi- 
plication by  division  they  often  form  peculiar  aggregations  of  cells, 
which  are  commonly  designated  by  special  names  according  to  the  char- 
sicter  of  the  different  forms  appearing.  Since  certain  forms  of  cocci  are 
especially  likely  to  develop  in  definitely  shaped  aggregations,  advantage 
has  been  taken  of  this  fact,  to  classify  them  in  different  species.  It 
should  be  noted,  however,  that  a  given  species  does  not  always  appear  in 
the  same  form,  but  may  vary  according  to  the  nutrient  conditions. 

3Iany  of  the  cocci  multiply  by  division  in  one  plane  only — at  right 
angles  to  the  length  of  the  elongated  spherical  cell.  If  the  spheres  re- 
sulting from  division  remain  together  for  some  time  in  the  form  of  double 
spheres,    and    if  this 

form     appears     with  ft     ^     \^  •«,«.•, 

especial  frequency  in  jMg||||^^,^  /  'J[l^«"**  • 


the   case  of  any  one  mSl^^mBSB^^Mi^  T^'^' 

species,    it   is   desig 


Fio.  *•»«. 


nated  a.s  a  diplococcus 

!    •     *    \ 

«    .•  •  •   #-    .  "'^ 

Fio.  428.  Fio.  427.  Fifl.  429 

Fic;.  ^3R.— streptooooous  from  a  purulent  peritoneal  exudate"  of  a  case  of  puerperal  peritonitis,    a. 
Single  cocci ;  />,  diplococel :  c,  streptococci  or  torularchaina.    X  fiOO. 

Fig.  ^^.— ColoniPH  of  micrococci  in  bloo(i^^pillarle8  of  tbe  liver,  causinfr  metastatic  abaceas-formation. 
From  a  case  of  pyiemla.    NtNTosIs  of  liver-cella.    X  400. 

Fifi.  428.— Cocci  f^rouped  in  tetrads  (merismopedia),  from  a  softeninR  infarct  of  the  lung.    X  500. 

Fu;.  429.-8arcina  vcntrlcull.    X  401). 

(Fig.  426,  h).  If,  from  a  further  continued  division  of  the  cells  in  one 
plane,  rows  of  cocci  (torula  chains)  result,  these  ai*e  known  as  strepto- 
cocci (Fig.  426,  c  ),  and  this  term  is  used  also  as  the  name  for  a  group. 
If  the  division  of  the  cells  takes  place  irregularly,  and  the  cells  remain 
together  in  small  collections  or  heaps,  the  bacteria  are  usually  desig- 
nated as  micrococci  (Zoi>f)  (Fig.  427).  By  Ogston  and  Rosenbach 
the  name  stapliylococcus  or  grape-coccus  has  been  used  to  indicate  some 
of  these  forms.  Larger  collections  of  cells,  which  are  held  together  by 
a  gelatinous  substance  derived  from  the  cell -membranes,  have  been 
designated  as  zoogla^a  masses.  If  the  masses  of  cocci  are  united  into 
larger  collections  by  means  of  a  gelatinous  envelope,  they  are  spoken  of 
as  ascococci  or  tube-cocci. 

To  those  coc(*i  which  remain  united  for  a  long  time  in  a  four-celled 
tablet  (Fig.  428),  the  name  of  merismopedia,  tetracoccus  or  tablet-coccus 
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was  applied  by  Zopf.  Others  class  such  bacteria  with  the  micrococci. 
The  cocci  that  go  by  the  name  sarcinas  are  characterized  by  division  in 
three  directions  of  spac^,  so  that  compound  cubical  packets  of  spherical 
cells  ai*e  formed  from  teti-ads  (Fig.  429). 

The  cocci  not  infrequently  show  a  tremulous  molecular  motion  in 
fluids;  swarming  movements  have  not  been  observed  with  certainty. 
Spore-formation  has  not  been  demonstrated  in  the  majority  of  forms. 
According  to  (^ienkowski,  Van  Tieghem,  and  Zopf,  the  Coccus  (leuconw- 
toe)  vicsenterio'ules,  that  producers  a  frog -spawn-like  culture  on  sugar  or 
parsnips,  forms  arthrogenic  spoi^es,  in  that  some  particular  cell  in  a 
tornla  cliain  becomes  larger  and  glistening.  According  to  Prazmowsky 
the  Micrococcus  urew  also  forms  spores. 

The  saprophytic  cocci  grow  upon  very  different  nutrient  substrata 
and  cause  by  their  growth  in  suitable  media  various  processes  of  de- 
composition. Many  also  fonn  pigments.  Micrococcus  nrece  causes  a  fer- 
mentation in  urine  by  means  of  which  ammonium  carbonate  is  fonnetl 
i'rom  the  urea.  Min-ococcus  riHcosiis  is  the  cause  of  the  slimy  fermenta- 
tion of  wine.  The  cause  of  \\\e  phosphorescence  of  decomposing  meat  was 
found  by  Pfliiger  to  be  a  micrococcus  that  forms  slimy  coatings  on  the 
surface  of  the  mcjit. 

Of  the  pigment-i)roducors  the  best  known  are  Micrococcus  luieust  Mi- 
crococcus aurantiacus,  tkrrcina  lufea,  Micrococcus  cyaiwus  and  Micrococcus 
dolaeeuHy  which,  when  grown  upon  boiled  eggs  or  potatoes,  produce  yel- 
low, blue,  and  violet  pigment  respectively. 

Saprophytic  cocci  are  found  in  the  mouth  cavity  and  intestine,  as 
well  Jis  on  the  surface  of  the  skin,  and  occasionally  also  in  the  lungs. 
Micrococcus  hwmatodes  (Babes)-  is  sjiid  to  be  the  cause  of  red  sweaty  and 
forms  red  zoogloea  masses. 

Sarcina  ventriculi  (Fig.  429)  occurs  not  infrequently  in  the  stomach 
of  man  and  animals,  especially  when  abnormal  fermentations  are  goiiijr 
«)n.  According  to  Falkenlieim  the  stoniai'li  sarcines  can  be  cultivate<l 
upon  gelatin,  and  form  in  this  medium  round,  yellow  colonies,  whicli 
contain  colorless  monocoeci,  diplococci,  and  tetrads,  but  never  cubical 
packets.  They  form  these,  howevcM*,  in  neutralized  hay-infiLsion,  aud 
their  growth  caus«\s  a  souring  of  the  infusion.  The  membnine  of  the 
sarcinte  is  said  to  consist  of  ccdlnlose. 

Microcococcus  tetra genus  {meri^sinopedia)  is  not  infrequently  found 
in  human  sputum,  and  in  the  mouth  and  throat;  it  may  be  present 
further  in  the  wall  of  tuberculous  cavities,  or  in  htemorrhagic  or  giiu- 
grenous  foci  of  the  lungs.  It  forms  tetrads  (Fig.  428)  whose  cells  an* 
held  together  by  a  gelatinous  membrane.  On  gelatin-plates  it  forms 
round  or  oval,  lemon  yellow  colonies.  It  is  patliogenic  for  white  mw 
and  guinea-pigs,  to  a  less  extent  for  rabbits,  and,  when  injected  subeuta- 
neonsly,  excites  purulent  intlammations,  in  the  mouse  often  also  a  sep 
tieamiia.  Intratracheal  inj(M*tions  may  giv<»  lise  to  inflammations  of  tin* 
iesi)iratory  ]>assages  and  tlu*  lungs. 

The  pathogenic  cocci  causes  acute  intlammations  which  usually  heal 
after  the  death  of  the  bacteria;  but  it  not  infrequently  happens  that 
cocci  may  remain  in  the  body  for  a  long  time  and  give  rise  to  chronic 
pi*oeess<\s. 
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See  also  §  148. 

^   (b)  The  Pathogenic  Cocci. 

§  152.  Tbe  Streptococcus  pyogenes  (Rosenbach)  is  a  coccus  which, 
in  multiplying,  forms  double  spheres  and  chains  of  spheres  (Fig.  426)  of 
different  lengths,  containing  from  four  to  twelve  or  more  cells.  This 
chain- formation  comes  to  an  especially  full  development  when  the  strep- 
tococcus is  growing  in  fluids — in  nutrient  bouillon  or  fluid  exudat'OS — but 
is  also  usually  seen  when  it  is  growing  within  the  tissues. 

The  cocci  stain  well  by  Gram's  method,  are  facultative  anaerobes, 
grow  best  at  37°  C,  and  form  small  whitish  colonies  on  gelatin  and  agar. 

Streptococcus  pyogenes  causes  in  man  inflammations,  which  usuaUy, 
though  not  always,  iissume  a  purulent  character.  Occasionally  it  is  found 
also  upon  normal  mucous  membranes,  for  example,  in  the  upper  air-pas- 
sages, or  in  the  vagina  and  cervix  uteri;  it  may  therefore  be  assumed  in 
such  cases  that  its  virulence  is  very  slight,  or  that  the  mucous  membranes 
offer  a  successful  resistance  to  its  entrance  into  their  tissues. 

An  infection  with  streptococci  may  occur  either  in  healthy  indi- 
viduals, or  in  those  who  have  received  some  injury,  or  finally  as  an  ac- 
companiment and  sequela  of  other  infections,  particularly  of  scarlet 
fever,  smallpox,  diphtheria,  and  pulmonary  tuberculosis. 

It'  the  streptococcus  multiplies  upon  the  surface  of  mucous  membranes 
—  for  example,  of  the  respiratory  tract  (Fig.  430)— it  excites  an  inflam- 
mation, which  may  bear  the  character  of  a  desquamative  oy pumlent  catarrh 
(c),  or  of  a  croupous  exudation  (d).  If  it  penetrates  into  the  connective 
tissues  of  the  submucosa,  it  causes  most  frequently  inflammations  which 
tire  phlegmonous  in  character — i.e.,  a  more  or  less  quickly  spreading,  sero- 
purulent,  or  purulent,  or  fibrinopurulent,  or  serofibrinous  inflamma- 
tion, which  may  at  certain  points  lead  to  suppuration  and  abscess-for- 
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matioii.     It*  the  exudati^  the  cocci  majr  be  found  in  part  free  (Fig,  431, 
c),  or  iu  pmt  iucU>s(.*d  within  cells  {b)\ 


*c 


^^^ 


<J 


Fl0*4Jin;-strf|»i(>f  iMi  UN  tmchetifs  \n  amrln  fever  taleithniU  «"unnlni*H,  tuKhyl-vtoleU  Iodln*»»,  a,  Cod- 
Deetive  tlAKut- ;  h.  il»*!M]umnaU'U  epltl^eMiiiti  ;  r,  ineinhnine  innipuiitMl  uf  cells  and  atrentoffx'd;  if.  fthrlQ- 
thmidH,     •  ruNi, 

TAr*  mtdfipfiration  of  .sffrpttH'tKyf  itt  ihe  Hirtttttm  ffen/iiiNtttruiti  iif  the  skin 
leads  lo  the  necrc»sis  »i|'  cpiUiplium  and  the  fMrniidiiMi  n\  punfh*ni  rrnirlei^ 

If  the  strept(KMieciis  sprciids 
in  the  curitmt,  into  wliieli  it 
pellet  ndesesiHM'ially  in  the  case 
uf  small  wonnils  of  (lie  skin,  it 
utilizes  the  l\nifdi -spaces  ant  I 
lyniph-vessels(Fi^^s,  I3l\  a;  i'AS, 
h,  i;  4:>1,  e)  as  i^athwjiys  and 
an  ]*laces  for  liie  (knclo|»nH*nt  of 
**t>lonies,  eaiisin^^  a  nnnr  itr  less 
Mn-ere  irdhiinnia1ir*n,  whicli  is 
eharacterized  inacrnscopically  h\ 
an  ad\  ancin^^  redness  and  swrll 
h]'^  of  the  skin  known  as  rry 
,sip(fH.H.  To  i  he  (*\icrnal  appi'ar- 
anceslhere  eorrcsjHintls  a  more  or  less  severe  sercois 


ruL  4,11  -stivptnroecus  pYopCTies  fmm  «  phlcwmcn)- 
tvLis  HwHs  ctf  the  si4imttch  Ulruliol,  carmlnf%  inethyl- 

strt'ptm'ixTi ;  f,  fret*  MfepbKMH'ii.      ►  .'j<lt. 


and  eellnlar  in- 
filtration (Fi^s.  4:i2.  fJ,  f\  f:  VSX  m:  VM,  e),  and  often  also  a  Kbrino- 
ceJlnhir  exn<hitinn  (Fi^^  aW\  wi,).     The  infectiiai  u(  the  lymph  vessels 

in  erysipelas  involves  at 
t  i  n I es  ch  ietl y  t  he  sii | K*rheial 
la\t*rs  of  the  cutis  i  Fi)r. 
\'X\),  at  other  times  rhe 
dci'l>er  layers  (Fig.  4:H, 
r).  In  the  latter  ease  the 
er>si|ielatotis  process  be- 
c  o  ni  e  s  phle;i:uionouK  in 
rharact*^r,  s(>  that  belwetMi 

V«iiH(^1  (/pMn  r*irt  rt>nip*isefl  of  Hilrkly  inm<ltHl  n^bert^.  In  the   two    intU-esses  U  sharp 

hfNxt or uit-  hiiipriv.H^sH,  with  t^iie.  non-stiiMim  nuclei;  w.        '^*'»  («'  '    mi^;    tannoi    ui 

Vfin;  *-.  p*rivervoui*  rellniur  inllltration  of  tissue;  f.  awiiinu-  driiwn.       At   the  SiiniC  lUlIP 

liition  of  ^.'filli.  in  111*"  l.viuph.ves«*L    i?<hHIoii  of  rabbiyw  t*ar  ;„r.^rtti'/..i    -a*   flm 

iw..  diiys  .ifti-r  m<K  umtlnn  with  ery^lfitMttH-emvl,     y  i;yi.  A\  it  \\    I  he    lutect  lOll    Ot    I  fie 
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Ill  cases  of  severe  iufeetioii  with  very  vinileiU  streptococci  the  pro- 
cess may  go  on  to  liquefaction  of  the  epithelium  (Fig,  433.  e.  /,  g, 
g^)^  and  to  the  formatirm  i\\^  \ esu'los  (c,  erysipehus  biillosum),   or  to  ne- 


Fig.  43S,  -BefflfiAiiifr  atreptococcuj  phleirmon  on  ibe  trunit,  »fter  pbleftnoo  of  th«  arm  (ronn&lln.  c«r- 
miiie,  meUijl-Tlolet).  a,  h.  Skin  ;  r,  strepii^corrl  In  the  nibcufAnwuB  connective  tiasue;  d,  beglnnlM  ool- 
(ectiOD  of  leuojcytca.    x  16, 


crosis  and  gangrene  of  the  eoriiiiu  (?,  i^,  erysipelas  giingrsenosam),  or  to 
suppuration  of  the  tissue. 

In  the  miheutamous  tisme  the  spread  and  multiplication  of  the  cocci 
(Fig*  435,  c)  lead  to  a  progressive  seropuriilent  (d)  and  fibrino purulent 
ioflaminatifuu  often  with  subseiiueut  tissue-suppnratiotu  8udi  fo  17ns  of 
infection  are  known  ^h  pklcf/mojm. 

If  tbe  muscles  become  intolred  in  a  pfdfffmotutm  process,  the  slreTitorrH^ci 
inci-ease  and  spread  (Fig.  436,  li)  chiefly  in  the  connective  tissue  of  the 
perimysium  iuternum,  but  may  penetrate  also  into  the  sarcolem ma- tubes. 
Here  also  the  consequences  of  the  infection  are  more  or  less  severe  inlljiui 
matious  leading  to  sifppuratiojh 

BronehogeuouH  infedkm  of  the  Inntjn  causes  purnleut,  or  croupous,  or 
hiemorrhagic  exudations  into  the  pnlmonary  alveoli. 

Should  bijuo  become  involv(*d  from  the  skin  or  from  a  mucons  mem- 
l>rane — as,  for  eiampk%  from  the  middle  ear — tbe  cocci  may  increase  in 
very  large  ouml>ers  in  the  nnirrow  tissue  (Fig.  437,  (f,  h),  and  here  give 
rise  in  the  first  phice  to  tissue -necrosis,  and  later  to  a  purulent  inflam- 
mation of  the  neighboring  tissues. 
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Fto.  436.^ — Slroptococcus  pbJegnioii   in    musi^e.     (Alcohol.  Welgert'i  suinj     *t,    Muaei  of 
itreptococci;    b,  leucocyte  inSltratlon;   c.  transverse  scctloti  o!  muacle-fibres.     X  100. 


ptaM: 


ItG.  137.— Streptoeoct  itf  InfecUon  of  the  ptttroiu  pi^rtJoii  uf  the  tempunU  buoe,  from  &  child  uf  etj^M 

^ta  of  ige  ^fonzuUln*  nltiic-mlil  d«cftlciQcaliOQ,  «!arttilne.  metbfl'Vlolet).    a,  Hedullair  tpfbces  oom- 

Ij  mifid  wiUi  strepiococcJ ;  fi,  bt^irtttniiitf  IuvmJod  hy  air»»pto<'occi;  c.  bone  marrow;  «,  imbeoulce  of 

X  aw. 
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A  slreptiKUKH'iis  iiilVt^titiji  jiiuv  ti^JiJiiiiuU%  «MUi4*r  soojiur  or  later,  in 
that  Uu-  ojiiKKsin^  lorces  ut'  the  tuj^aiiiHiii  ivslrict  the  ftirther  spread  of 
the  biU'trriii,  iiiid  flestrtiy  theiii.  Xol  iiifreqiie!ill>\  however,  the  iufec^ 
tioii  prof^^ressc^s  up  t^t  th*^  time  of  thMth. 

If  the  streptiHNici'i  hrea]<  into  tije  lyaqjli-  ami  l>iaod-vei*Hel^,  meUu 
(um^H  iin*  ut'leii   iornied,   and  distaiil   or'guns  are  in    this  way  involved. 
In/crtioti  of  (hr  hintjH  leaits  easilv  to  iiiiVetiou  of  the  pleura,     lafeetiou 
of  the  female  tjenitai  tmvt,  whieh  csisily  takes  plaei^  dnrin^  delivery'  ami 
the  piierperiiini,  leads  wry  orten  to  a  sjiread  id'  the  iufe<*ti(>ii  to  the  peri- 
to ne am  by  j i le: 1 1 is  ( * f  ihi*  1  y 1 1 j  p I j : U  ii ' s,      hi  f t»( ■  t  i o 1 1  of  1 1 1 e  nero w jt  vt e m bra neit 
leads  usually  to  asero|)uruleiit,  or  ribriiiopiirideiit  exudatiuu,  the  slrepto- 
<?oepi  devehipiiig  luxuriantly   hi    the   free   exudate,  and    forming   loii| 
t^  h  ai  ns,     I  n  i  n  feet  ion  of  the  t  >l  o*  k1  ,  the  si  i  -e  p  t  oc  o  ee  i  d  o  n  ot  i  n  e  r^ease  in  t  h( 
rirculating  bluod,  but  at  the  points wliere  they  eoiae  to  rest;  in  the  small 
eapi liar ies  of  the  lungs,  heart,  liver,  kidneys,  spleeiu  bone-marrow,  joirit.s 
ete.,  or  even  on  the  valves  of  the  heart.     At  the  point  of  inerea^e  there 
is  likewise  produced  an  in  Ham  mat  ion,  whicli  iu  general  Iw^ai's  the  sam<* 
ehaiaeter  as  the  primary  nrttaiuniatiou,  but  is  not  infreqnently  less  8ev<»re 
and  fiiore  cireumsei'ibed, 

IhtmutoffenoiiH  MtrrptoeovcHHuift'dion  of  ttie  luug  leutts  to  the  lumnitiou 
of  intlamniatory  foei  (Fig.   438^  a),  whieh  for  the  greater  part  nhow  a 


>/ 


Fifi.  438  — MetiUiUitic  hfl?iiimto«eiioun  streptatiocfujv  papiimmjiii,  aft^r  rnnuinn  (ilcohol  ahifn-<'»nnlnc* 
mHhTl-vlf»lct,  fodfn**).    <i.  Pneimionlc  fcictis  with  (hliip)  ain*i»tc)ct>tx'i ;  h,  mghiU  indjimwl  litnir  Itwu** nlnHii 

central  suppuration.  (x^HeeHons  of  strejdoeoeei  on  (he  mrfarr  of  the 
f7*f^Jmr(/i/^//l  of  the  calves  or  of  the  heart  wall  (Fig.  4;{9,  a)  lead  t4i  a 
supertieiat  neerosis  and  fnrth**r  to  the  formation  of  eoagula  (b),  coJUt^ 
lions  of  lencoeytes  (/>])  aiKl  proli^V rat  ions  of  grannlntion  tissue  (  r,  r/ 1. 
A  deeper  infeetion  with  the  streptocoeci  eanses  an  extensive  necnisis  of 
the  tissue  accompanied  by  an  inilannnation  of  the  surrounding  t]S8ae& 


If  streptococci  are  carried  by  the  blood-stream  into  the  coronary  arteries, 
there  are  produced  io  the  heart-muscle  iufiammatory  Un-i,  which  are 
usually  piirnient  in  character. 


4 


FT(3.  4vI9.^£Qcl>x«nllt(A  Of  Uit^  wKil  oi  rJai?  teft  auricle*  due  to  Bireptooood  <alwb*>l,  memyl-viol«t,  car- 
iH).    a.  Muffes  nf  oix^ri ;  ft,  h^,  if^uctwyu^  amt  t'oaiirula;  r,  lirea  of  ppollfprattnn ;  (U  Inflamed  endo- 

llnm.      V  1(11. 


ruluH)        .  

c^rdiuQi.    X  idia 


Fio,  440.'-KrTtlM*tiiu  multtfonne,  due  to  itreiitococvuji  Infi^'tton^  arlsliur  In  tbt*  middle  ear  (Fte.  437). 
,  frofn  n  <  Tiiid  eljrbt  monttif  om.    8etitlott  tlirouffti  ■  r«H)  spot  In  tbe  tlctn  of  U)e  \)Avk  nf  the  foot  guoc^tiolit 
Uyl-vlrilev  airmlne).    n,  nullum :  !j,  itib^utftn(*oiu  Umue  ;  <■,  mpllluriHA  mi«d  wtlh  fttpeplDcoa;!.    x  Ift 
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If  the  cocei  pa>SvS  (o  a  lilood- vessel  of  the  skin  or  subeiitaneous  tii 
tiiey  may  increase  in  the  Siime  to  sueb  iiti  extetit  that  tliey  form  perfe 
casts  of  the  eapiilaries  (Fig,  440,  r).  As  the  result  of  the  snrroniiding 
hypera?mia  there  ai-e  proilneed  in  tlie  skin  red  spots  and  swellings,  and 
event iially  jnirnlent  foei.  In  the  kidnq/H,  in  whose  vessi*ls  there  often 
occurs  an  extraordinary  lunltipliealion  of  stiTptoeocci  (Fig.  441,  a,  b), 
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Fio.441.— ExtPemR  stnepUKtKrtis*  Infwiton  ut  tbe  kWtjnv  {(fttiviKh  arpafiX  mming  after  stl^p4 


urliuu? 


there  arise  in  the  first  place  grayish -yellow  eircnniscribed  areas  of  dis- 
coloration* which  are  dependeni  upon  the  collection  of  bacteria,  the  local 
anteniia,  tia^ne  necrosis,  and  often  a  beginning  serofibrinous  exudaMoti 
(d ),  raider,  yellow  disi'tdondions  and  softening  of  tissue  ap|)ear,  cone 
sponding  to  supinir.it  it^n.  Similar  changes  nniy  be  demonstrated  also  in 
other  organs. 

The  dtfmftr  a/  tt  streptococcus  infection  depends  partly  upon  the  Hfcetr 
pro^resmve  load  chungea  and  the  for  mid  ion  of  metit^tmm^  and  partly  upon 
lire  aceoinpanying  udorirffi'mti,  wliifb  tinds  expression  in  the  fever  aoti 
the  severe  fjenerai  symptoms.  If  tlie  symptf>rjis  of  intoxication  are  very 
prominent  the  condition  is  designated  septicemia,  A  pnnlominanee  of 
met  astatic  suppuration  leads  to  the  form  fd'  dist^ase  designated  as  py«- 
III ia,  A  cond:>i nation  of  both  conditions  is  known  as  septicopyiefnia  or 
pyosepthfemia  (ef.  JJ  H), 

The  course  of  a  streptococcus  infection,  as  well  as  the  mode  of  eo* 
trance  of  the  cocci  into  the  body,  can  usually  be  recognized,  sine*;'  the 
infectiou  ordinarily  starts  in  the  injured  outer  skin  or  from  deeply  pene- 
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trating  wounds,  from  the  mucosa  of  the  upper  digestive  and  respiratory 
tracts,  or  from  the  genital  apparatus  as  the  result  of  changes  due  to  child- 
birth. Cryptogenic  infection  is,  however,  not  rare ;  in  such  cases  the 
first  symptoms  recognizable  or  at  least  noticed  clinically  are  those  de- 
pendent upon  the  disease  of  an  internal  organ,  so  that  it  appears  as  if 
the  infection  was  primary  in  this  organ. 

The  individual  foci  of  disease  in  streptococcus  infection  may  present 
very  different  degrees  of  severity  of  inflammation ;  and  this  is  dependent 
partly  upon  the  virulence  of  the  bacteria,  partly  upon  the  individual 
differences  of  the  infected  persons,  partly  upon  the  seat  of  the  infection, 
and  partly  upon  the  influence  of  preceding  or  accompanying  pathological 
conditions.  As  regards  this  last  factor  it  may  be  noted  that  many  infec- 
tious diseases  (diphtheria,  scarlatina,  smallpox,  tuberculosis,  typhoid 
fever,  influenza)  which  lower  the  body  resistance  increase  the  predis- 
position to  streptococcus  infection.  In  the  case  of  the  growth  of  strep- 
tococci upon  the  surface  of  the  endocardium,  the  inflammation  often 
bears  a  very  pronounced  proliferative  character  (Fig.  439,  d,  c).  In 
hsBmatogenous  streptococcus-dermatitis  (Fig.  440)  the  process  may  cease 
with  the  formation  of  red  spots.  Phlegmons,  which  usually  run  a  rapid 
course  and  lead  in  a  short  time  to  tissue- necrosis  and  suppuration,  may 
also  have  a  very  chronic  course,  particularly  in  the  neck,  and  are  then 
characterized  by  a  progressive  swelling  and  induration  of  the  affected 
area,  so  that  the  affection  may  be  designated  a  ^^ wooden  phlegmon^^ 
(Reclus).  Fever  may  be  wholly  absent.  The  process  consists  of  a  pro- 
gressive proliferation  of  granulation  tissue  and  a  new-formation  of  con- 
nective tissue  due  to  streptococci  (or  staphylococci),  while  suppuration 
is  absent  or  confined  to  circumscribed  areas. 

The  biological  characteristics  of  the  Streptococcus  pyogenes  are  very  variable,  and 
this  is  well  shown  both  in  its  behavior  as  a  disease-proaucing  agent  and  in  the  cultures 
of  streptococci  taken  from  different  cases.  Consecjuently  an  effort  has  been  made  to 
divide  the  streptococci  into  different  species,  and  m  particular  has  the  streptococcus 
which  causes  erysipelas  been  regarded  as  a  distinct  form — the  Streptococcus  erysipelatis. 
Further,  according  to  the  place  in  which  the  streptococcus  was  found,  it  was  formerly 
customary  to  speak  of  a  Streptococcus  puerperalis  (Arloing),  Str.  articulorum  (Fliigge), 
Str.  scarlatinosus  (Klein);  or,  according  to  the  manner  of  growth,  of  a  Str.  longus  and 
Str.  brevis,  etc.  (i^on  Lingelsheim).  These  characteristics  are,  however,  not  sufficient  to 
form  a  basis  for  the  separation  of  the  streptococci  into  different  species ;  and  it  appears 
more  correct,  or  at  least  more  expedient,  to  consider  all  the  cham-forming  strepococci 
as  one  s|>ecies,  which  appears  in  many  varieties.  According  to  Howard  and  Perkins 
{J  ur.  of  Med.  Research,  1901)  there  is  a  small  group  of  pathogenic  capsulated  strepto- 
cocci characterized  by  the  viscidity  of  their  growth  and  by  the  formation  of  gelatin- 
ous exudations  in  animals.  For  this  group  they  propose  the  name  of  Streptococcus 
mucosus. 

In  diphtheria  and  scarlet  fever,  streptococcus  infections  of  the  throat  and  air-pas- 
sages are  extremely  common,  particularly  in  the  case  of  the  first-named,  so  that  many 
authors  {Baumgarten,  Dahmer)  are  inclined  to  assign  to  the  streptococcus  a  co-ordinate 
position  with  the  diphtheria-bacillus  in  the  causation  of  diphtheria — the  diphtheria- 
bacilli  predominating  in  the  tighter  forms  of  infection,  the  streptococci  in  the  more 
severe.  Pure  streptococcus  inactions  may  present  the  same  picture  as  that  produced 
by  the  Ijoeffler's  bacillus.  If  both  forms  of  bacteria  are  present,  their  effects  may  be 
combined;  perhaps  also  the  presence  of  streptococci  increases  the  virulence  of  the 
diphtheria-bacilli. 

The  Streptococcus  pyogenes  is  especially  pathogenic  for  mice  and  rabbits  (much 
less  so  for  dogs  and  rats);  but  its  virulence  varies  greatly,  and  rapidly  decreases  in 
cultures  grown  on  ordinary  media.  Its  virulence  is  retained  for  a  relatively  long  time 
{Marmorek)  in  cultures  of  the  cocci  in  human-  or  in  horse-serum  (serum  two  parts, 
bouillon  one  part),  or  in  a  mixture  of  bouillon  and  ascitic  fluid. 

The  nature  off  the  poisons  produced  by  streptococci  is  not  known.  It  has 
been  definitely  determined  that  filtered  cultures  sterilized  at  65-70°  C.  contain  poisons; 
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but  it  is  not  yet  known  whether  this  poison,  like  the  toxin  of  the  diphtheria-baciUus, 
produces  an  antitoxin  in  the  organism  and  therefore  should  be  regarded  as  a  true  toxin. 

According  to  Simon  there  can  be  distinguished  an  intracellular  weakly  virulent 
poison  and  a  toxin  excreted  by  the  streptococcus.  The  latter,  however,  is  produced 
only  under  certain  conditions  as,  for  example,  under  the  influence  of  the  bactericidal 
juices  of  the  animal  body.  Under  certain  conditions  the  streptococcus  can  also  pro- 
duce hsemolysin. 

Numerous  investigators  {Neufdd,  RimpaUy  Tavel^  Menzer,  Aronwn,  Marmorekf 
Moser,  and  others)  have  attempted  to  immunize  animals  against  streptococci  and  to 
produce  an  antistreptococcus  serum,  and  the  sera  thus  obtained  have  been  used  in  the 
treatment  of  streptococcus  affections  in  man.  At  the  present  time  it  is  not  possible 
to  judfje  as  to  the  therapeutic  value  of  these  piocedures.  One  serum  obtained  from 
immimized  horses,  acconiing  to  the  method  oi  Dr.  Aronson,  is  manufactured  in  the 
chemical  works  at  Actien  (C.  Schering).  According  to  Neufeld  and  RimpaUf  the  serum 
acts  upon  the  bacteria,  changing  them  so  that  they  are  taken  up  by  the  cells. 

A  numl>er  of  writers  regard  a  small  micrococcus  {Diplococcus  rheumaticus)  as  the 
cause  of  rheumatic  fever  (see  article  by  Poynton,  Osier's  "  Modem  Medicine,"  vol.  ii.). 
Cole  ^nd  others  have  shown  that  various  streptococci  produce  experimental  endocarditis 
and  arthritis,  and  they,  therefore,  hold  that  there  is  no  specific  variety  for  this  affec- 
tion. 
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§  153.  The  Diplococcus  pneumoniae  (Frankel,  Weichselbaum),  or 
Streptococcus  lanceolatus  (Gamalei'a),  or  Diplococcus  lanceolatus  (Fo&, 
Boi-doiii-Uffreduzzi),  and  also  known  as  the  Pneuniococcus,  is  a  pathogenic 
streptococcus  of  very  frequent  occurrence.  It  forms  spherical,  oval,  and 
lanceolate  coc<'i  (Fig.  442,  a),  which  in  the  human  body  are  usually  sur- 
rounded by  a  transparent  capsule,  and  are  grouped  together  in  pairs  (b, 
(7),  or  moi-e  rarely  in  chains  of  such  pairs  (c),  or  in  large  colonies  (d). 

The  Diplococcus  pneunioniie  stains  well  with  fuchsin  and  with  gentian 
violet,  and  by  these  stains  the  capsule  may  be  demonstrated  in  smear- 
preparations.     The   cocei    are  also    stained    by 
*  •         «jjjv  Gram's  method. 

*i    -»•  *      ^^i^  "^^^  cocci   are  facultative  anaerobes.     They 

^S)^       ^^^^  ^^^  grow  upon  gelatin  at  ordinary  room- 
^  ®  #    /?)     n\        temperature,  but  do  so  upon  slightly  alkaline 
^©'/^   t^n    ^Sk_      blood-serum-gelatin,  upon  agar  and  in  bouillon, 
^  %       lU    ®®®5      ^^  ^  temperature  above  22°  C,  and  best  at  the 
temperature  of  the  body.     They  form  upon  the 
mSto^JweiffiSbaS^T     surfaco  of  the  medium  a  delicate,   translucent, 
SSSie  anl?doibir<^'J!rwiS;     glistening  culture,  which  suggests  the  dew-like 
a  ffeiaUDou8  «j8u»e ;  c,  chain     deposit  of  moisture  upou  a  cover-glass  (Frankel) ; 
onySoSdL  X  m*'  *  *^'^*'     and  consists  of  diplococci  and  chain-cocci  without 
capsules.     The  growth  is,   however,  scanty;  and 
easily  dies  out.     Upon  potatoes  the  cultures  do  not  thrive. 

The  Diplococcus  pneumoniae  is  in  a  great  number  of  cases  (according 
,  to  Weichselbauni  in  seventy-one  per  cent. )  the  cause  of  the  affection  ot 
the  lung  known  as  croupous  pneumonia,  in  which  the  lung  is  the  seat  of  an 
acute  inflammation  which  is  ushered  in  by  a  congestive  hyperemia  (Fig. 
443,  a).  In  the  course  of  the  disease  the  alveoli  over  large  areas  of  the 
lung  become  filled  with  a  coagulated  exudate  consisting  of  desquamated 
epithelium,  leucocytes,  red  blood-cells,  serous  fluid  and  fibrin  (Fig.  204). 
In  the  normal  course  of  the  disease  the  exudate  beox>mes  liquefied  and 
Skbsorbed.  As  has  been  shown  by  numerous  observations,  the  Diplococ- 
cus pneumOnisB  may  also  cause  in  the  lungs  other  inflammatory  processes 
l)earing  the  chiiracter  of  a  catarrhal  or  croupous  bronchopneumonia. 
During  the  course  of  the  disease  the  et)cci  are  found  especially  in  the 
inflamed  areas,  in  the  greatest  nunil)eis  at  the  beginning  of  the  inflam- 
mation; they  lie  in  part  free  in  the  alveoli  (6)  and  in  part  clinging  to 
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eell8  (d).  They  are  fouiirl  also  in  piirts  of  tiie  liin^^  l>ordorin^  iipou  tLe 
intliimud  area,  in  llje  pleura,  jind  iiatler  certain  conditions  aUo  in  Ibe  peri- 
cardinni,  peiittnienni,  luenia^es,  accessory  nasal  cavitie.s,  ceUular  tissue 
of  tlu*  neck,  in  the  niediastinnin,  snUnivieosa  of  the  soft  pahite  aiul 
phiiryux,  in  the  eonjnnctiva,  aiul  the  skin.  In  all  these  places  tliey  may 
^qve  i'is<^  iii  in1hiinuuiti>ry  clitui^i*s.     At  limes  tlicy  may  be  dt^u  oust  rat  t*d 


in  the  juice  of  the  spleen,  and  iu  the  lilnod,  and  in  pregnant  women  uiiiy 
pass  into  the  ftjutus  (Viti)*  Umler  certain  cir<'iiui.stances  they  nuiy  be 
widrfi/  diMfrthHfrd  fhrotft/hofd  the  hofUj;  and  may  miiS4%  in  the  uieninge^s 
plcnne,  pericardium,  and  ]ieritonenm,  fibriuous,  seroliluinuns,  uiid 
at  times  seropnrnlent  and  tibrinopuinlenl  intiauiuiations,  without  giv- 
ing rise  to  a,  i>neuiuonia.     Further,  they  luay  cause  intlammations  of 
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the  coujunctiva,  middle  ear,  endocardium,  kidneys,  joints,  tnbes,  endo- 
metrium, parotid,  thyrtiid,  bone-nmrrow,  and  periosteum,  and  these  iii 
iiammations  may  lead  to  suppuration.  In  many  cases  the  mouth  uh*^ 
uasophai ynx  aptH*ar  io  be  the  avenue  of  entrance — in  these  regions  lli^ 
cocci  are  iioh  infrctjiiently  found,  even  in  I  tea!  thy  individuals.  Cam*' 
spoudiu^ly,  in  cerebral  and  eeretuospinal  incinngitis(\Veichs<'lh;nnn)  ll'** 
maxillary  cavities,  tympanic  cavity,  and  the  ctlimoid  labyrinth  ofie'i 
contain  exudates  witii  diplocoeci.  They  are  found  in  the  exudates  ui  '.jJ^ 
the  forms  above  mentioned;  and  the  gelatinous  capsule  may  pi'csent  a 
very  variable  thickness. 

When  inoculated  intorabhits.  e^uinea -pies. and  niictv.  {\w  Diptococcus pncuilionlff^ 
increases  in  the  fonii  of  encapsulated  cocci,  |>articularly  in  the  IJood  and  serous  en  vi  fir"" 
and  may  cause  pneumonia  with  hloody  serous  exudate.     When  inject i<l  }>frunith  t 
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skin  of  the  rabbit's  ear  {Neujeld)  they  also  produce  erysipelatous  inflammations. 
Rabbits  are  especially  susceptible,  as  they  die  with  symptoms  of  septicsemia  in  from 
thirty-six  to  forty-eight  hours  after  subcutaneous  inoculation.  The  injection  of 
pure  cultures  into  the  pleural  cavity  of  rabbits  gives  rise  to  a  pleuritis  as  well  as  a 
splenization  of  the  lung,  in  which  the  paienchyma  of  the  organ  is  filled  with  a  hsemor- 
rnagic  serous  exudate. 

According  to  A.  Frdnkel  the  cocci  very  easily  lose  their  virulence,  i)articidarly 
when  cultivated  upon  milk;  and  if  it  is  desired  to  retain  their  virulence  they  must, 
from  time  to  time,  be  passed  through  susceptible  animals.  Cultivation  of  the  cocci  at 
42®  C  for  one  to  two  days  destroys  their  viriilence. 

There  still  exist- different  views  as  to  the  r6le  which  the  Diplococcus  pneumonire 
plays  in  meningitis.  According  to  the  investigations  of  Weichselbaum,  Jaeger,  Foa, 
Albrecht  and  G^wriy  Councilman,  Malloryand  Wright,  and  others,  it  may  be  regarded  as 
definitely  demonstrateil  that  the  Diplococcus  pneumonia  can  also  cause  meningitis,  and 
that  there  exists  also  a  coccus,  the  Diplococcus  intraceliuiarls  meniDgitidis 
{Weirhselbaum),  which  is  different  from  the  pneumococcus  and  is  to  be  regarded  as  the 
cause  of  epidemic  cerebrospinal  meningitis.  According  to  Jaeger^  this  organism  does 
not  grow  like  the  streptococci,  but  forms  heaps  like  the  staphylococci.  Albrecht, 
Ghon,  and  Weichselboum  point  out  its  great  similarity  to  the  gonococcus.  They  propose 
to  call  it  in  the  future  the  Micrococcus  meningitidis  cerebrospinaiis.  It  is  found 
in  the  nasal  secretions  of  cases  of  epidemic  meningitis  and  also  in  that  of  individuals 
coming  into  contact  with  such  cases.  In  the  inflammatory  cerebrospinal  exudate  it  is 
found  particularly  in  the  polynuclear  leucocytes.  The  essential  pathological  lesions  are 
inflammatory  changes  in  the  membranes  of  the  cord  and  brain,  and  in  the  tissue  of  the 
brain,  cord,  and  nerves.  Flexner  and  Jobling  {Jour.  Amer.  Mai.  Assoc,  July, 
1908)  report  most  encouraging  results  in  the  treatment  of  epidemic  meningitis  with 
a  serum  prepared  in  the  horse  by  inoculation  of  Diplococcus  iniracellularis. 

Pneumotoxin  is  fonned  by  the  pneumococci  most  abundantly  in  the  human  and 
animal  organism,  but  only  sj)arsely  in  ordinary  nutritive  media  (Isaeff).  It  is  doubtful 
whether  bactericidal  antibodies  or  antitoxins  arise  during  the  course  of  the  disease. 
It  is  therefore  probable  that  the  pneumotoxin  does  not  belong  to  the  true  toxins. 
Animals  may  be  immunized  in  various  ways  against  pneumococci,  and  the  serum 
of  an  immunized  animal  may  be  used  also  as  a  healing  serum.  The  results  of  treat- 
ment in  man  are  still  doubtful.  Difficulties  arise  through  the  fact  that  pneumonia 
can  be  caused  also  by  various  other  bacteria  (pneumo-bacilli,  pus  cocci,  influenza- 
bacilli,  etc.).     (See  v,  Marikovsky  and  Opj)€nheimer,  I.  c.) 
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no.  (44.^Hii1t]p1«  atMo«i»es  of  tbe  iklD,  due  to  stiiptisrlootMicl  (iUcobol,  cinafni«,  Gnm^s  meCliodO.    CUfld 

of  ihfw  wiwlis.    a.  EpItbeUum ;  tt,  codurit ;  e,  biilr-f nlllde ;  fl,  e,  punilent  foci  wUU  eocd.    X  10. 


Thme:  Pleuritis  u.  Pencarditis'  l>ei  der  cronpiisen  Pneumonie,     Cbl.  f.  Bakt.,  v.,  1889. 
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cerebrospinalis.  Fortsehr.  cL  Med.,  v.,  1S87;  Aetiologie  u,  path.  Anatomie  der 
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Ursaclie  der  primarcn  aeuteri  Peritonitis,  Cbl.  f,  Bakt.,  v.,  1889;  Diploeoccus 
nneum.  y.  Meningokokken.     Handb.  d.  patb,  Mikroorg.,  iii.t  1903. 
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^  154,  Tho  Staphylococcus  pyogenes  aureus  (Rosenbach)  or  Micro- 
coccus pyogenes  (Lebmauo)  consists  of  spherical  cells  occurring  singly 
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or  in  pairs  Hint  l\v  tlieir  iiiultiplk'atHUi  roriiiiiij^  ^rape-like  clusters  uimI 
Rwiiniis.  Th(^  cueri  are  cnLsily  stiiiuetl  by  \ari«ius  uniliat*  dyes,  and  also 
by  fTfaiirs  inflhiML  They  iin*  f:iriiltativf'  iniarruluvs,  hut  ;^row  better 
when  supplied  with  oxygen. 

The  staphylueueeus  tliri\i*s  oti  all  euilure  jurdia*  vvvn  at  iU'diiiaiy 
room- tern pe ratines,  though  better  at  'M"  i\  It  fortiis  whito  euiojiies, 
whieii  produee  i)igment  in  those  parts  ex|K»s*Mt  to  the  air  tiiul  Iw^eooje 
orange  yelhjw.  Tlie  |iigHieii1  n»riuatiiiii  is  laost  inarlved  (»n  agar  and 
lH>tat«ie8.  Clehitiii  is  sloul\  liipietied.  In  llie  pirseiice  i^(  grape-sugar 
it  tonus  iac'tie  aeid,  aeeti«*  aenl,  and  valeriauie  aeid.  lu  Imuilloii  cult- 
ures there  are  iiroduced  poisons  uf  very  violent  aetiou.  The  8taphylo- 
eoe^'iis  pyogenes  is  mie  of  tiie  most  freipieiitly  oei*nrring  pathogenie  l>a€- 
ierhh,  and  is»  wiHi  the  Streptueoeeus  pyogmes,  the  most  eonunon  eause  of 
5U|>puration.  Both  tonus  of  eocei  are  therefore  designated  pus-cocci, 
in  the  uanower  s^'nst*  of  the  tprm.  It  is  widely  tUstribuled  throughout 
the  external  W4irld,  ami  has  iHH^n  tieuionstrated  in  milk,  wash  water,  and 
waste- water^  ^a  well  as  in  the  air  uf  operatiugnKunb  and  siek-chaml>ers. 


.^  .    A 


■*^as^  1:  \f  -  -■  '^m--^'\y_* 


Fig.  44S.— Mtllary  purulent  nf*phdUs.  t  niixM  by  fitaphylortwnl,  prtmunr  foriis  Iti  skin  ^rr^^lTlrlltnsi?^  faJt^i- 
lioi,  iDQtJiyt-v'iulet^ciLrmlne).    a.  Normal  kidney  tlawue ;  h,  (x>llwUon*»  of  <h><t1  ;  r»  purulent  fncuu.     -'  48, 


Tnerea^sing  in  tlie  tissni*s  at'  \Uv  hnnian  body  (Figs.  144—146)  it  eanse^s 
timtiedrffrnrrfrtiouM  and  (fn.suf''tit'rnMf,K  lultuwrd  ijy  inflannnation  (Figs.  444, 
d,  e;  445,  b,  v;  44<»,  i\  d),  wliieli  is  usually  pttrttlcftt  in  charavtrr,  but  not 
infrequently  in  less  s^^veiv^ttiat  is,  it  dors  intf  had  ttt  tiiQiurHuppHnitiiiiK 

The  suppurtitioftH  prod  need  liy  stajihybjcoi-ei  are  usually  rircttntMrrihnl 
(FigB,  444,  445),  and  stuiw  a  h*ss  liMidency  b>  in\iihe  rapidly  the  snr 
rounding  tissue  than  do  tlu^  suppurations  eatiseil  l»v  streptoeoeci.     In  the 
skin  they  give  rise  in  i>articidar  to  the  forms  at  intlarumatir>n  known  U8 
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acnf'j  eezenuf,  fnninrif,  jiud  cukuieoitft  and  miheuimieous  tihscf'sses.  In  th« 
osteons  sysf fill  tliey  aiv  tht*  most  fro(|iieiit  t'liiisi' r>f  tlu^  lia^inatogentHis 
piirulrti*  ilif^^asKS  r*f  tlj<^  Imui^  iniirniw  mid  jM^iustoniii  known  ius  /trptie^ 
o.sU'omfff'iitiH  (F\^,  44(»|  uml  prriittitiftH.  They  nut  infrefjiiently  t'litisi' 7^ttr«- 
/r///  hiJhtmmfititniH  a/  thf  ftrrr,  luttf/s,  piettrff^  prn'itiuritjn,  hrnhi,  m^uhtffeHA 
nuiHck%  mipvanihim,  Hplenu  kklueffH,  jobd>i,  %Ai\  ;  i\nd  arc  often  the  cause  of 
sevei'e,  in  part  pnrnlent,  infiamnudltmH  of  fbr  nidorarflhtm.  Since  the 
vinileiiee  of  Ihe  sluphykicuec!  varies,  they  can  also  produce,  in  all  the 
legions  nniniHl,  litfktvr  ininffUof'y  htflamnmiiom  which  iieal  with  or  without 
scar -format  ion. 

The  porfal  of  ettirnnee  of  staphylococci   is  oft:<?n  easily  recoguizahle 
(especially  in  the  ciuse  of  wound.s ),  and  tin*  same  is  Irne  of  the  path  of 
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Viti.  4i6.  —  i^tfi\thy\iniH:vu»  osicoinyeliOs  of  ruioafHUs.     [Aholiol.   in*Oiyl    TioI»*t.    cftrtnitic.) 
a,    Tnitiwulio    of  bom;    b,  fatty  marrow;    c,  puruU'rjt  nmi;   tl,  lOrtt,      y   100* 

the  mfifislmiH  to  the  internal  fHf^aii.s  whereby  inHmnmaiumH  of  the  h/mph 
vemfh  (hfmphanffoiiift)  and  of  fhr  hfotptl  rt^sAeh   {  phirbifh,  mieHHs)  make 
their  appearance.     Cryptagetiic  infections  are,  however,  of  not  infre 
qnent  occurrence,  so  that  the  first   iccoi^iiizalile  localization  of  the  infer 
ti*>n  appears  in  Wm^  cndocardiuni,   niyo(*ardiuni,  oi-  hone  marrow,     Tlir 
sprtnidof  stai>hyhicocci  throu^di  the  blood  stream  hnids  to  multiple  loeali 
zatioii  with  ahs(*ess  fi^rmation,  antl  this  conditicni  is  designated  pyaemia, 
a.s  in  the  case  of  the  similar  condition  canst^l  by  the  stret>toeoccns,     The 
ctmiplicatiijn  of   a    staphylococcns   infection  with    severe   syniptums  of 
intoxication  is  alst^  known  as  septicemia;  and  the  combination  of  n 
Rtaplnioeoecus-pva^niiawitfi  septica?nna  is  also  known  as  sept ico pyaemia 
(ef.  S  11> 

Tlie  Staph  i/lococf 'Hit  pi/of/etwH  aurem  U  uho  pathogenic  for  animain:  horsiie, 
dog,  cattle,  goat,  sha^p,  rabl>it,  guinea-pig,  ami  mouse,  particularly  for 
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the  first-named,  less  so  for  the  last.  In  these  animals  it  causes  suppu- 
ration. The  staphylococcus  loses  its  virulence  easily  in  cultures.  The 
inoculation  of  cultures  of  high  virulence  into  susceptible  animals  causes 
a  gelatinous  oedema. 

Closely  related  to  the  Staphylococcus  pyogenes  aureus  are  the  Staphy- 
lococcus pyogenes  albus  (Rosenbach)  and  the  Staphylococcus  pyogenes 
citreus  (Passet) ;  these  forms  probably  repi^sent  modified  varieties  of 
the  aureus.  The  aWus  forms  whitish,  the  citretis  lemon -yellow  colonies. 
These  bacteria  occur  in  the  same  regions  and  produce  the  ssime  effects  as 
the  aureus,  but  are  more  rare  than  the  last  named. 

The  Staphylococcus  pyogenes  aureus  usually  occurs  alone  in  the  pus- 
foci,  but  not  infrequently  there  may  be  associated  with  it  other  pus- 
cocci  or  even  bacilli,  as,  for  example,  the  Bacterium  coli  commune,  or 
the  typhoid-bacillus. 

The  staphylococcus  forms  a  h^emolysin  and  a  leukocidin  {Van  der  Velde,  Neiaser, 
and  Wechsberg)  which  destroys  the  leucocytes  of  rabbits,  and  also  poisons  which  have 
a  degenerative  action  upon  the  tissues.  The  bodies  of  dead  staphylococci  cause  in- 
flammation when  injectcil  into  the  tissues.  Staphylolysin  and  ha;molysin  and  leukoci- 
din form  in  the  organism  arUistaphylolysxn  and  antileukocidin  and  therefore  belong  to 
the  toxins. 

A  serum  produced  by  pathogenic  staphylococci  will  agglutinate  both  the  homol- 
ogcnis  strain  as  well  as  the  majority  of  other  pathogenic  strains  {Kloppstock  and  Bocken- 
heimer). 
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g  155.   Till-  /Vlicrn:occu*^  Cifynorrhoeae  nr  Qonococcus   {Vii^.   447)  is  a 

1871**      it  is  fMHhslmjlly  pi-es- 

ill,  know II  ;is  ^oiiorrha*a,  of 

utiil  rutiul  teHpecially  of  the 


cijccus  fimt  des^i'ribed  by  Neisst^r  in  Ih*^  year 
iMit  ill  Uk^  dischargers  id'  the  imruleiit  riitar 
the  maU^  and  iVinah*  lurliiru,  and  tViuak*  tje 
eervix\  as  well  ;is  in  Ihi*  s<M*retitms  of 
goiiorrliccal  *i|dithalnii:i.  It  is  re*^uided 
as  the  eaiis*^  (d*  gunorrhd'^u  as  well  jis  of 
the  IdeiUKirrha'a  oi'  tlio  vyv.  lirsidt-s  lht» 
speeitic  eorei,  other  ri>eei  may  alsu  l>e 
presi*iit  111  the  goiiorrhu'ul  scHTfl  iijus,  8tniie 
of  them  eh)seiv  rt'st^mbliii;;  1  he  gmiueot'eiis; 
the  pus-eoeei  may  lUsn  Ite  present. 

The  goooeoeeiis  imi\  lie  eiiltivaled 
upon  eoagidatetl  hiiTiian  hlo<i«]  -  serum, 
hliKMl  sintim  ^eljilin,  en  hiimaii  hlundser' 
iim-agsir,  un  irriiie  a^sii  ;  aii<l  f<irmson  the 
siirfat'e  <d"  ttie  uulrirnl  medium  a  thin 
{^rayish-yeih>\v  layer  havin^^asmoolli  siir- 
face.  It  dies  out  easily,  and  ^row.s  only 
at   higher  tern  t»e  rata  res,     WasvSi^rmaini  re* 
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PiO.  4I«.-Urethrltti  (ronorrlvilcft.    CmsR-sfMaion  tliroii^fh  ih**  intuvmit   memVtrane  which  li»d 
Ihrtmii  IriUi  folds  tMtiJlerV  lliild.  luumauavliii,  e<>siui.    (i,  \(irtu<il  r«iHur*»iivL*  liwiiit-;  /«,  cu  lnrt&iziiuAloit« 
JnOltrated,  prLillfemtlii^r  rouneviiM*  lissu**  of  ihe  iinu^K 

tlt^jimilt&dnl  t^lilUlf' I  liil  It'll  ^  U  11(1  |>uiwii|-pus*li»s       >    nil. 


unu*^>sti ;  r^  ftillUruUHi  auil  itf^iuniiitttiDfrcp^UiaUuiu;  ^  i 
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Rwiiies'-serum-initrose-a^ar;   Wertheim,  2  to  3  parts  of  a  meat  bouillou 
])eptone-agar  with  1  part  of  serum. 

The  ceil  of  the  gonococcus  contains  a  poison  (Witssermann)  whicli, 
when  injected  into  the  tissues,  excites  inflammation. 

Animals  are  immune  against  inoculations  with  the  gonococcus.  Efforts 
made  to  inoculate  human  beings  with  artificially  cultivated  gonococci  havr 
l)een  successful  in  producing  a  purulent  catarrh  of  the  inoculated  mucous 
membrane. 

In  the  pui'uleut  secretion  of  the  mucous  membrane  infected  with  gon- 
orrhoea the  coccus  usually  forms  clumps,  and  for  the  greater  part  appeal's 
in  the  form  of  diplococci,  the  opposing  surfaces  of  which  are  flattened 
(Fig.  447) ;  but  occurs  also  in  part  free  (a),  and  in  part  inclosed  within 
cells  (5).  It  stains  easily  with  aniline  dyes,  but  is  decolorized  by  Gram's 
method. 

The  gonococcus  penetrates  into  the  epithelial  layer  of  the  affected 
mucous  membrane,  and  lies  partly  between  and  partly  in  the  epithelial 
cells,  and  in  leucocytes.  Only  the  upi)ermost  layers  of  the  connective 
tissue  are  infiltrated.  The  infilti-atiou  is  most  marked  in  the  case  of 
cylindrical  epithelium,  while  in  the  regions  covered  by  squamous  epithe- 
lium (fossa  navicularis,  v;igina)  the  cocci  lie  more  supei^cially.  They 
cause  inflammations  which  bear  the  character  of  pundent  catarrhs,  and 
are  associated  with  a  cellular  infiltration  of  the  tissue  of  the  mucossi 
(Fig.  448,  by  Cy  d)  and  with  epithelial  desquamation.  The  male  and 
fenmle  urethra  and  the  adjoining  parts  of  the  genital  glands  and  ducts, 
and  the  urinary  passages  form  the  chief  seats  of  localization.  According 
to  Scliolz  there  occurs,  after  a  three-weeks'  duration  of  the  disciise  in 
the  male  urethra,  a  metaplasia  of  cylindrical  cells  into  stratified  squam- 
ous cells,  and  the  secretion  decreases  after  this  time.  To  what  extent 
the  deeper  inflammations  so  frequently  accompanying  or  following  gonor- 
rhoea (peri-urethral  abscesses,  prostatitis,  epididymitis,  vesiculitis,  cysti- 
titis,  inflammation  of  the  ducts  of  Bartholin's  glands,  siUpingitis,  ovar- 
itis, pelvic  peritonitis,  arthritis,  etc.)  are  to  be  referrtni  to  the  spread  of 
the  gonococcus  or  to  what  extent  to  secondary  infections  by  the  pus-cocci 
is  yet  a  disputed  question.  According  to  the  investigations  made  up  to 
the  pi-esent  time  theie  can  be  no  doubt  that  the  gonococcus  may  become 
widely  spread  over  the  surface  of  the  mucous  membranes.  It  has  been 
many  times  demonstrated  in  the  blood  (KraiLse),  in  the  inflamed  epididy- 
mis, tubes,  ovaries,  joints,  cardiac  valves,  tendon- sheaths,  bursie,  in  peri 
and  parametritic  foci  of  inflammation,-  and  in  periurethral  abscesses. 
In  these  cases  it  has  been  regarded  as  the  cause  of  the  inflammation,  yet 
the  processes  which  lead  to  suppuration,  and  even  the  metastases  in  dis- 
tant organs,  appear  to  be  more  frequently  dependent  upon  the  presence  of 
pus-cocci. 

Gonorrhceal  infection  is  at  the  beginning  an  acute  process,  but  may 
become  chronic,  and  is  cured  only  with  gi-eat  difficulty;  since  the  gono- 
<*()cci  can  maintain  themselves  here  and  there  in  the  urethra,  tubes,  etc., 
for  years,  and  continue  to  cause  inflammation. 

The  gonococcus  produces  a  poison  which  remains  essentially  bound  to  the  cell 
and  only  slightly  passes  over  into  the  culture  fluid.  The  existence  of  a  poison  produc- 
ing an  antitoxin  has  not  yet  been  demonstrated.  The  best  of  the  fluid  culture-media 
is  the  one  advise<i  by  Wertheim,  consisting  of  2  to  3  parts  meat  bouillon  with  one  part  of 
blood  83rum  (.iscitic  or  pleuritic  fluid,  etc.). 

Cole  and  Meakins  {J.  //.  Hosp.  Bull.,  1907)  obtained  promising  results  in  \\w 
treatment  of  gonorrhceal  arthritis  by  bacterial  inoculation.  Ironn  (Jour,  Infect,  Dis,, 
1908)  also  obtained  favorable  results  in  the  similar  treatment  of  gonococcus  arthritis. 
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He  also  found  that  the  injection  of  dead  gonococci  into  individuals  suffering  from 
chronic  gonococcus  infections  gave  a  **  gonococcus-reaction  "  which  niay  be  of  assist- 
ance in  diagnosis. 
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S  !.■><).  Cocci  have  been  demonstrated  with  eertiiinty  as  the  cause  of  ^"^^^ 
disease  in  animals  in  the  ease  of  a  lar^e  number  of  iufeetious  dise^ises,    ^^'^\ 
and  aie  rejranled  with  ])robability  as  the  cause  in  the  case  of  others.     As-?^^-^**' 
has  a  beady  be(Mi  stated,  the  Streptococcus  pyogenes,  the  Diplococcus^^  -■^ 
pneumoniae,  and  the  Hicrococcus  pyogenes  aureus,  citreus,  and  albu^^  -^^ 
are  also  patho^enie  for  different  animals,  and  the  liust-named  in  particu   .^^^■ 
lar  often  cause  spontaneous — not   caus<Hl   by  inoculation — suppurativa       ^<' 
inflammations  in  animals.     Tiie  disease  occurring;:  in  colts  and  calver^^:^> 
known  as  sta<^^ers,   characterized  by  inilammatious  of  tlie  joints,  is         '*' 
sta])hylococ<'ns  and  streptococcus  infection  occurring  tlirougk  the  uav<^^  ^. 
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^^»d  belongs  to  the  group  of  septicopysemic  processes.  Moreover,  diseases 
^ave  also  been  prwluced  experimentally  in  animals  by  different  cocci 
^hich  were  not  pathogenic  for  man.  Further,  in  many  spontaneous  dis- 
eases of  animals  cocci,  that  are  probably  to  be  regarded  as  the  cause, 
*^Hve  been  demonstrated. 

(1 )  According  to  Schutz (**  Der  Streptococcus  der  Druse  der  Pferde,"  Arch.  f.  wiss,  u. 

J^rtiJtt.  Tkierheilk.,  xiv.,  1888;  Zeit.f.  Hygiene,  iii.),  JSami and  Jenseii  ("Die  Aetiologieder 

Oruse,"  DeuUrh.  Zeii.f.  T/n'enned.,  xiii.).  and  PoelsC*  Die  Mikrokokken  der  Druse  der 

fYerde."  ForiHchr.  d.  Med.,  vi.)  the  strangles  of  horses  is  an  infectious  disease,  in  which 

}hv  mucous  membrane  of  the  upper  respiratory  tract  is  the  seat  of  a  mucopurulent 

^iiflitmnrntion.  in  which,  moreover,  tiie  lymph-glands  pertaining  to  the  region  become 

^w*>llen  and  in  part  suppurate;  and  is  caused  by  &  chat 7i -forming  coccus,  which  can  be 

Oultix'ated,  and,  when  inoculated  into  horses  (Schiitz)  again  produces  the  disease. 

<2)  According  to  Schiitz  (**  Die  Ursachen  der  Brustseuche  des  Pferdes,"  ArcJi.f.  wis- 
vV/<-i»^/*.  n.  jmikt.  Thierheilk.,  1887;  Virch.  Arch.,  107  B<1.,  1887)  the  epidemic  lung-dis- 
•"'/**»  r>f  horses  (infectious  pneumonia)  is  caused  by  an  oval  coccus,  which  forms  pairs  and 
ol •21.1118.  Hn<l  is  not  identical  with  the  Diptococcus  pneumonia;  (Frankel)  or  the  Bacillus 
|:>r^«?'tiinonia?  ( Fried Iflnder),  and  therefore  not  identical  with  the  bacterium  described  by 
^^^  ^f-tfhcito  (Arch.  ital.  de  biol.,  vii.,  1886)  as  occurring  in  the  pneumonia  of  horses,  and 
i*«'la    by  hin/to  be  identical  with  the  Diptococcus  pneumonia?. 

_<3)  According  to  Poels and  Nolen  (Fortsch.  der  3/ «/.,  iv.,  1886),  monococci  and  diplo- 
c^^t^r^i,  which  in  part  possess  a  gelatinous  capsule,  are  found  constantly  in  the  luncs  and 
*  -'*  t^  h.^  pleural  exudate  in  the  contagious  pleuropneumonia  oj  entile.  On  gelatin  and  agar- 
*-^»^r  they  form  chiefly  white  colonies  which  later  become  cream-colored.  Pure  cultures 
'^'J^<?ted  into  the  lungs  of  rabbits,  guinea-pigs,  dogs,  and  cattle  give  rise  to  pnemnonic 
^■^^•T^^s.  Ace  3rd  in;  to  Frt€(i6eryer  and  FroAner  (**  Spez.  P:ithologie,"  Stuttgart,  1896), 
^  "^    infective  material  is  not  known  with  certainty. 

(4)  In  the  udder-inflammations  of  the  domestic  animals,  which  occur  sometimes 
^T>^i"adically,  sometimes  epidemically,  different  micrococci  and  streptococci  have  been  de- 
s<^t-ih>ed,  and  designated  by  various  names  {Hess  and  Bergeaud,  "Contag.  Euterentziin- 
^tAoir .  gelber  Gait  genannt."  Schweiz.  Arch./.  Thierheilk.,  30  Bd.,  1888;  Frank,  "  Euter- 
entaKtindungea,"  Dtsrh.  Zeit.  f.  Thiermeti.,  V\.,  1876:  Kitt,  "  Euterentzimdung,"  "Lehrb. 
<«-  F>ath.  anat.  Diagnostik,"  Stuttgart,  1894;  Jensen^  "Mastitis,"  Ergehn.  d.  allg.  Path.. 
•v.,     1899). 

(.5)  According  to  Johne  ("Seuchenart.  Cerebrospinalmcaingitis  d.  Pferde."  Dtsch. 
Ze-it^frhr  f.  Thiermed.,  xxii.,  1887),  the  cerebrospinal  meningitis,  which  occurs  epidemi- 
cuilly  in  horses  is  caused  by  the  Diptococcus  intracellularis  meningitidis  (Weichselbaum, 
§      1  oCiJ). 

(6)  Babes  found  in  the  haemoglobinuria  of  cattle,  which  occurs  as  an  epidemic 
^iae-ase  ia  Roumania,  a  coccus  similar  to  the  gonococcus,  which  he  regards  as  the  cause 
^f  t  he  disease  (**Sur  Th^moglobinurie  bact^rienne  du  boeuf,"  Compt.  rend,  de  VAccui.  des 
ii^i^ru:ts  de  Paris,  cvii.,  1888;  Virch.  Arch.,  115  Bd.,  Annal.  de  VInstitut  de  pathol.  h 
^t^c-areM,  1890). 

(7)  According  to  Rivolta  and  Johne  (Dtsch.  Zeitschr.  f.  Thiermed.,  xii.;  "Berirht 
jj*^<*r  das  Veterinanvesen  im  Konigr.  Sachsen  f.  d.  J.  1885")  and  Robe  (Dtsch.  Zeitschr. 
I'  ^^iermed.,  xii.),  there  occurs  in  horses  a  peculiar  tumor-like  growth  of  connective  tis- 
»^*^,  designated  by  Johne  as  mycofibroma  or  mycodesmoid ,  which  is  caused  by  a  micrococ- 
ci's tKat  grows  in  animal  tissues  in  round  or  grape-like  colonies  which  quickly  become 
surrounded  by  a  hyaline  capsule,  and  are  therefore  to  he  reckoned  as  aacococci'  (Micro- 
^*^^cu^^  ascoformans).  Bollinger  and  Glage  designate  the  coccus  as  Botryomyce^,  Rahe 
^^  ^f  i-e^ococcus  botryogenes,  Kitt  as  Botryococcus  ascoformans.  The  growths  consist  of 
^onnective  tissue,  resembling  those  of  actinomycosis,  and  enclose  small  suppurating 

oci  of  granulation  tissue  w-liich  contain  the  fungi.  They  appear  to  develop  most 
I^I^Uently  in  the  spermatic  cord  after  castration,  but  occur  also  on  other  parts  of  the 
P^y •  Particularly  in  the  skin  (Kitt,  '*  Der  Micrococcus  ascoformans  und  das  Mycofi- 
S^iT  ^^  Pferdes,"  Cbl.  f.  Bakt.,  iii.,  1888;  Schneidemuhl,  *' Botryomycosis,"  Cbl.  f. 
jj^n''  Xxiv.,  1898  [Lit.];  Glage:  "Botrvomvkosc.^    "Handb.  d.  pathog.Mikr(K.r:;.."iii., 

"^'  loas). 

B<J  \^^>  According  to  Eberth  (Virch.  Arch.,  80  Bd.)  and  M.  Wolff  (Virch.  Arch.,  92 
^»Q^*''»  *^any  of  the  gray  parrots  brought  to  Europe  (Pr.ittacus  erithacus)  die  of  a  strepto- 
tlj^^^*^  mycosis.  The  micrococci  are  found  in  almost  all  tlie  organs,  but  especially  in 
li^.     ^^l>illaries  of  the  liver  and  their  neighborhood,  where  they  cause  necrosis  of  the 

*''"^^lls,  but  no  suppuration. 
ejtta  ^^i  According  to  0«terto^  (*•  Handb.d.pathog.Mikroorg.,"  ii.),  the  infective  vaginal 
''^'Vi  of  cattle  is  caused  by  a  streptococcus. 
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2.    The  Bacilli    and   the    Polymokphous    Bactekia,    and    the^ 
Pathological  Processes  Produced  by  Them. 

(a)  General  Conmlerations  Regarding  BaelUi  and  the  Polymorphous  Ba^steria  ^ 

§  157.  Under  the  designation  bacilli  or  bacillacefe  (A.  Fischer)  <i^ 
Baeteriaeece  (Zopf)  may  be  classed  all  those  bacteria  which  occur  in  tl^  ^ 
form  of  straight  rods  or  rods  which  are  slightly  bent  in  one  plane, 
many  authors  (Cohn,  Hiippe,  Lehmann)  the  bacillace^e  are  divided  in' 
two  groups:  bacterium  and  bacillus,  the  latter  being  characterized 
the  production  of  endogenous  spores,  while  spore-formation  is  lacki^ 
in  the  former. 

The  bacilli  multiply  by  division.      The  rods  grow  in  length,  and 
vide  into  approximately  equal  parts  through  the  formation  of  a  tra^  ^^^^, 
verse  partition-wall.     If  the  division  of  one  of  the  elongating  bacill%  ^ 

delayed,  or  if  the  separation  of  the  individual  rods  from  one  anot^^  ^ 
is  not  distinctly  recognizable,  there  arise  long,  unbranched  rods  or  thr^^^  ^lM, 
(Fig.  450,  h).  If  the  divided  rods  remain  attached  to  each  other,  tb^  :m=-i 
are  formed  chains  of  rods  (Figs.  449,  c ;  450,  c).      In   many  forms        !■     i 


VUi.  449.  FlU.  4a0. 

FIG.  449.— Bacinu8  HUbtilis  in  various  staires  of  deyelopment  (Prazraowski).    (u  Sinffk*  rods:  h, 
with  flagella ;  c,  chain  of  rods ;  c/,  single  cells  with  spores ;  c,  chain  of  ruds  with  spores ;  /  •— •,  gem]inati^»- ^ 
of  a  spore.    X  MOU. 

Fio.  4.''0.— Clostridium  butyricum  (Prazmowski^    c.  Short  rods;  h,  long  rods ;  r,  chain  of  rods ;  d,  oe=^ 
with  spores ;  e  '  -',  germination  of  a  spore,    x  800. 

bacilli  tlie<Muls  of  the  individual  rods  are  blunt,  in  othei"S  rounded  •• 
pointed. 

In  many  bacilli,  resting  as  Avell  as  swarming  stages  are  observe- 
Flagella  serve  as  the  organs  of  motion  (Fig.  449,  b);  they  are  situate  -Z 
sometimes  at  the  ends,  sometimes  on  the  side*s,  of  the  rods,  and  may  occ-^=^ 
in  large  numbers.  In  many  biK'illi  an  endogenous  spore-formatioii 
observed  (Figs.  449,  rf,  c;  450,  d),  the  spores  lying  sometimes  in 
middle,  sometimes  at  one  end,  of  the  cell.  Not  infrequently  the  spoi 
appear  within  jointed  threads.  The  germination  of  si)ores  results  in 
formaticm  of  new  rods  (Figs.  449,/",  450  e''). 

During  spore- formation  the  rods  usually  do  not  change  their  sh 
to  any  marked  extent.  In  olb(»r  (»iuses  they  assume  a  spindle-,  club-, 
l)ear-shai)e  (Fig.  450,  c/),  and  these  changes  have  been  taken  as  the  b 
for  the  establishment  of  an  especial  group,  clofftridium.  On  the  ot 
hand,  numerous  authors  class  these  forms  with  the  bacilli. 

Tlie  polymorphous  bacteria  are  distinguished  from  the  bacilli  by 
fact  that  tliey  form,  besides  rods,  also  long  threads,  in  part  with  fj 
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tme  branching ;  and  in  individnal  oases  a  basal  non-proliferating  end  and 
an  apical  proliferating  end  may  be  distinguished.  In  this  category 
may  be  placed  the  fungi  designated  Streptothrix,  Cladothrix,  Beggiatoa^ 
and  Grenothrix.  They  are  here  placed  with  the  bacilli,  because,  on  the 
one  hand,  their  botanical  position  is  not  definitely  determined,  while,  on 
the  other,  in  so  far  as  they  are  pathogenic,  they  conform  most  closely  to 
the  bacilli  in  their  biological  properties  {cf.  diphtheria-bacilli,  tubercle- 
bacilli,  and  actiuomyces). 

The  saprophytic  bacilli  produce  many  forms  of  fermentation  by  their 
growth  in  nutrient  fluids ;  many  also  form  pigments.  A  sharp  line  can- 
not be  drawn  between  the  saprophytic  bacilli  and  the  pathogenic  forms, 
since  some  saphrophytes  (Protens  vulgariSy  Bacillus  pyocyaneus^  B.  tetam, 

B.  oedematis  maligni)  occasionally  develop  also  in  the  human  organism. 
Some  also  form  toxins  {B.  hotuUnuSyB.  pyocyaneus)  which  when  taken  into 
the  organism  produce  intoxication. 

Bacillus  botulinus  (Van  Ermengem)  is  an  obligate  anaerobic  bacillus 
which  develops  oe<5asionally  in  sausage,  particularly  in  blood  and  liver 
sausiiges,  also  in  smoked  meat,  canned  meats,  giime  pies,  salted  fish,  and 
also  in  preserved  fruits  and  vegetables.  The  bacillus  is  (Van  Ermen- 
gem) 4-6  /i  long,  0.9-1.2  ix  broad,  and  possesses  4-8  peripherally  arranged 
flagella.  It  stains  according  to  Gram.  In  the  ordinary  nutritive  media 
it  grows  best  under  anaerobic  conditions  at  a  temperature  of  18**-25®  C, 
and  forms  endogenous  spores.     Acids  easily  inhibit  its  growth. 

When  growing  in  the  foods  mentioned  above,  it  produces  a  true  toxin 
which  is  very  poisonous  for  experimental  animals,  and  causes  the  forma- 
tion of  an  antitoxin.     The  poison  is  rendered  inactive  by  heating  to  80° 

C,  but  is  not  changed  by  the  digestive  juices.  The  consumption  of  food 
in  which  the  bacillus  has  already  formed  its  toxins  leads,  therefore,  to 
int-oxication.  On  the  other  hand,  the  bacillus  does  not  develop  in  the 
human  organism,  its  growth  being  hindered  by  the  high  body  tempera- 
ture.    The  bacillus  should  be  clawed  then  as  a  toxicogenic  saprophyte. 

The  disease  known  as  botulismus  or  allantiasis  or  ichthyoismus  comes 
on  about  twenty-four  to  thirty-six  hours  after  the  taking  of  the  food, 
and  is  characterized  essentially  by  nervous  disturbances  of  central  origin, 
secretory  disturbances,  motor  paralysis  (paralysis  of  accommodation, 
mydriasis,  ptosis,  and  double  vision),  dryness  and  redness  of  the  mucous 
membrane  of  mouth  and  pharynx,  aphonia,  dysphagia,  etc.  Constipa- 
tion and  retention  of  urine  frequently  take  place,  or  there  may  be  diar- 
rhoea and  vomiting.  Death  often  results  after  a  short  time  through 
bulbar  paralysis. 

As  Proteus  vulgaris,  Hauser  has  described  a  bacillus  (Bacterium  md- 
gare  of  Lehmann)  which  is  very  frequently  present  in  decomposing  ani- 
mal substances  and  in  human  cadavers,  and  in  gangrenous  ulcers,  and 
causes  putrid  decomposition.  It  forms  rods  of  varying  length,  and  pro- 
duces substances  poisonous  for  animals.  According  to  observations  by 
numerous  authors,  it  is  not  infrequently  found  in  human  tissues,  chiefly  in 
association  with  other  bacteria,  streptococci,  pneumococci,  diphtheria- 
bacilli  ;  and  by  its  presence  aggravates  the  course  of  the  infection  and 
causes  putrid  decomposition  of  the  pus  and  the  necrotic  tissue.  In  rare 
cases  it  may  alouey  without  the  association  of  other  bacteria,  cause  inflam- 
motions,  particularly  of  the  urinary  bladder  (cystitis).  Several  cases  of 
hcenwrrhagic  enteritis  have  also  been  described,  in  which  a  form  of  proteus 
was  regarded  as  the  causal  agent.  Further,  proteus  has  also  been  found 
in  inflamma.tions  of  the  female  genital  tract,  serous  membranes,  and  liver 
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(infectious  ictems),  and  has  been  considered  to  be  the  cause  of  the  given 
inflammation.  Proteus  must  therefore  be  classed  with  the  parasitic  or 
pathogenic  bacteria.  Its  pathogenic  activity  rests  chiefly  upon  the  forma- 
tion of  poisonous  substances.     (Literature  given  by  Meyerhof,  1.  c). 

The  pathogenic  bacilli  and  polymorphous  bacteria  cause  iMurtly 
acute  and  partly  chronic  affections,  the  former  terminating  either  in 
death  or  in  healing  after  the  destruction  of  the  bacteria.  It  also  hap- 
pens in  the  acute  diseases  that  the  bacteria  may  remain  in  the  body  for 
along  time.  The  chronic  affections  are  characterized  by  the  persistence 
and  multiplication  of  the  bacteria  within  the  body,  so  that  the  disease 
assumes  a  progressive  character,  and  sometimes  slowly,  sometimes  rapidly, 
new  regions  are  in  turn  invaded  by  the  bacteria  and  suffer  pathological 
changes. 

Bacillus  subtllis  is  a  fission-fungiis  whose  spores  are  widely  distributed  in  the 
ground,  hay  (hay-baciUus),  and  in  tlie  air.  When  cultivated  upon  potato  or  upon 
the  dung  of  herbivorous  animals,  it  forms  whitish-yellow  colonies;  upon  liquids  it 
forms  thin  and  thick  |)cllicles.     It  requires  oxygen  for  its  development. 

The  fully  develojxjd  rods  (Fig.  449,  a)  are  6  ft  long.  The  snake-like  motions 
occurring  at  times  arc  proiluced  by  means  of  numerous  lateral  and  terminal  flai^eUa. 
Througli  the  growth  of  the  rods  undivided  threads  are  formed  which  after  division 
form  chains  of  rods.  The  separate  cells  may  develop  in  their  interior  glistening, 
sharplv  contoured  spores  {d,  c),  which  lie  either  in  the  middle  or  nearer  to  one  end  of 
the  cell.  Later  the  cells  in  which  the  spores  have  been  formed  die.  During  germina- 
tion the  spores  Ixjcome  pale  (Fig.  449/,  '•*),  lose  their  glistening  appearance  and  their 
sharp  contour.  A  shadow  then  appears  at  each  pole,  while  the  spore  begins  a  tremu- 
lous motion.  After  a  time  the  contents  of  the  spore  project  from  the  membrane  of 
the  spore  in  the  form  of  a  germinal  utricle,  which  later  becomes  elongated,  divides, 
and  produces  swarming  rods. 

The  Bacillus  butyricus  (Bacillus  amylobader  of  Van  Tieahem,  Vibrion  hutyrique 
of  Pasteur,  Clostridium  butyricum  of  Prazmowski)  consists  of  rods  of  3  to  10^  in 
length,  and  also  forms  threads  and  chains  of  rods.  During  spore-formation  the  cells 
lx?come  spindle-,  club-,  or  tadpole-shaped  (Fig.  4')(),  d),  and  then  produce  one  to  two 
glistening  spores.  In  germination,  after  tlie  absorption  of  the  spore-membrane  a 
germinal  utricle  appears  at  one  of  the  two  poles  (Fig.  450,  e^'')\  this  becomes  elon- 
gated, and  produces  new  rods  by  segmentation. 

The  Bacillus  butyricus  d<H\s  not  need  oxygen  for  its  development;  it  produces 
butyric-acid  fermentation  with  evolution  of  carbonic  acid,  in  solutions  of  starch, 
dextrin,  sugar  or  glycerin.  In  media  containing  starch,  glycerin,  or  celhdosc  the 
bacilli  are  coIormI  blue  with  iodine. 

Bacillus  prodlg^iosus  grows  upon  potatoes  and  bread,  as  well  as  upon  agar- 
agar,  and  upon  nutrient  gelatin,  liquefying  the  latter.  It  forms  a  red  colormg  matter 
which  is  soluble  in  alcohol.  The  pigment  is  formed  only  in  the  presence  of  oxygen; 
in  the  growth  in  milk  the  coloring-matter  is  contained  in  the  fat-droplets.  The  bacilli 
themselves  are  always  colorless. 

Bacillus  fluorescens  liquefaclens  fonns  whitish  cultures  in  gelatin,  in  the 
neighborhood  of  which  the  gelatin  is  liquefied,  while  in  the  remote  surrounding 
portions  it  gradually  takes  on  a  greenish-yellow  fluorescence. 

Bacillus  cyanogenes  (Neelsen,  Hucpj^),  when  cultivated  in  sterilized  milk, 
causes  a  slate-gray  color  that  changes  through  the  addition  of  acid  to  an  intense  blue. 
In  unsterilized  milk,  in  which  lactic-acid  bacteria  develoj)  at  the  same  time,  a  blue 
color  appears  without  the  addition  of  acid.  On  i)otatoe8  it  forms  yellowish,  slimy 
cultures,  in  the  neighborhood  of  which  the  substance  ot  the  potato  is  colored  grayish- 
blue  (Flu  age). 

Bacillus  acid!  lactic!  ferments  milk-sugar  into  lactic  acid  and  coagulates  casein. 
In  gelatin  it  prfnluces  white  cultures. 

Bacillus  caucaslcus  {DispoTa  caurasicn)  forms  one  of  the  constituents  of  the 
fungus-conglonierate  known  as  kephir-f(Tuieiit,  which  is  used  by  the  inhabitants  of 
the  (.'aucasus  in  the  preparation,  from  cow's  milk,  of  the  alcoholic  drink  called  kephir. 
The  keplur-fernient  consists  of  small  granules  containing  yeast-cells  and  bacilli.  The 
latter  at  times  show  movements,  and  form  a  round  spore  at  the  end  of  each  ro<I.  Am 
the  result  of  their  growth  in  milk  the  milk-sugar  is  probably  converted  into  g^ucoeft. 
while  tlie  yeast-cells  produce  alcoholic  fermentation. 
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BaciHus  pyocyaaens  occurs  occasionally  in  bandages  upon  suppurating  wounds 
and  causes  a  greenish-blue  discoloration  of  the  same.  The  coloring-matter  called 
pyocvanin  is  soluble  in  chloroform  and  crystallizes  from  the  solution  in  long  blue 
needles.  In  addition  it  forms  also  a  coloring  matter  soluble  in  water  which  produces 
a  greenish  fluorescence  of  the  nutrient  gelatin.     (See  §  163.) 
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(h)  The  Pathogenic  BaciHi  and  Polyniorphmis  Bacteria. 

§  158.  The  Bacillus  anthrads  (Bacteridie  du  churbon)  is  the  cause  of 
anthrax,  a  disease  occurring  chiefly  hi  cattle  and  sheep,  and  occasionally 
transmitted  to  man.  It  is  a  fission-fungus  which,  when  inoculated  into 
a  susceptible  animal,  may  increase  within  the  tissues  as  well  as  in  the 
blood. 

The  anthrax-bacilli  (Fig.  451)  are  3  to  10  /jl  long  and  1  to  1.5/* 
broad.  In  the  blood  of  animals  affected  with  anthrax  they  occur  either 
singly  or  in  thread-like  jointed  bands  of  two  to  ten  rods,  whose  ends  are  for 
the  greater  part  sharply  cut  across  (Figs.  451,  452)  more  rarely  slightly 
concave  or  even  slightly  convex  ( Johne).  Accoraing  to  Pianese,  Sera- 
ftni,  Giinther,  and  Johne  they  possess  a  gelatinous  capsule  which  is  best 
brought  out  by  the  staining  of  dried  preparations  with  methylene-blue. 
Thej  can  be  cultivated  upon  blood-serum-gelatiu,   in  bouillon,  upon 
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sliee^  of  potatoes  and  turnips,  in  infusions  of  pejis  and  mashed  grain  of 

various  kinds,  etc.,  in  the  presenc'e  of  oxygen  (iieeordiug  to  Klett  alno  • 
in  an  atmoKphere  of  nitrogen);  itnd  grow  most  mpidly  at  a  tempemture 
of  from  30"^  to  40^  C.     At  temperatures  below  15^  and  above  43°  C. 
development  is  inipoKsible. 

Under  snitalvle  tutiditions  of  growth  the  vodn  increase  in  length,  and  ' 

may  within  a  lew  houi*s  form  non-eneapsnlal4»d  threads  of  eonsiderable 

,.-^  length.     Tlieseeonsist  of  short s«*g- 

^N.^  /f  ments  whos«^  on* lines  may  Iw  made 

_^^'  visible  by  trejilinent  with  iiidiue  or 

l>y   stains  ( Fig.    451?).     Ten  hom-s 

later    the    elear    etmtents    of    the 

^  threcM-Is  IxH'onie  gninnhii*,    and   at 

regular  intervals  there  lK*come  iip 
parent  dull  shining  t»mlies,  which 
after  a  few  boars  eidarge  into 
strongly  refraetive  spoivs  (Fig* 
452),  Ijater  the  thnnuls  disinte- 
gnite  and  the  sp(*n\s  UH^ome  fnM\ 
If  the  bacilli  or  the  spores  gain 
entrance  into  Ihe  blorub  they  in- 
crease and  form  rods  as  deseril>ed 
above,  which  stain  with  different 
aniline  dyi>8,  and  also  by  Gram's 
method.  Sect  ions  of  hardened 
I  issue  show  that  they  are  present 
in  large  nnml>ers  in  the  capillaries  (Fig,  451),  partieniarly  in  the  spleen, 
liver,  lungs,  and  kidneys.  The  neighboring  paiTuchyma  for  the 
greater  part  appears  uochajiged ;  still  the  local  pmlileration  of  the  ha- 
cilli  (*an  also  cause  tissuedcgenr'ration,  neerosis,  and  ha^morrhagie  in* 
tlammation.  If  an  infection  of  the  blood  takes  place  during  preg- 
nantly the  infection  may  jiass  ovei'  to  the  ftetiLS, 
Anthrax  baei Hi  or  their  spores  may  gain 
entrance  into  the  skin  of  man  through  small 
wounds,  an  event  which  is  iiartienlarly  likely  to 
happen  in  the  case  of  individuals  who  butcher, 
or  shear,  or  piepare  the  skins  of  animals  atrecteil 
with  anthrax;  or  oceasionally  the  infection  may 
be  transmitted  by  means  of  the  sting  of  a  fly 
which  has  taken  up  blood  from  an  animal  in- 
fecte*d  with  aiiHirax.  There  develi>i>s  at  the 
phice  of  infe(*tion  a  somewhat  elevated  pustule 
(Fig.  453)  from  H  mm.  to  sevenil  centimetres  in 
diann^ter,  having  nu  arched  or  tlattene*!  surface, 
and  of  a  red  or  at  times  a  more  yellowish  eoloi\ 
This  is  often  after  a  time  covered  with  vesick^s, 
or  after  the    h>ss  of  the  epithelium    becomes 

moist,  so  that  through  (he  drying  of  the  oozing,  often  bloody  exudate, 
a  scab  is  formed  (P'ig.  453,  ^). 

The  centre  may  beconn:^  liepressed  through  the  formation  of  a  central 
scab,  so  that  the  edges  form  a  wail  about  the  latter.  The  neighborhoml 
of  the  pustule  is  soim-times  but  sHghtly  changed,  at  other  times  reddcnml 
and  swoHeti,  and  muy  he  s*4  with  snmll  yellow  or  bluish-red  vesicles. 
If  the  process  remains  loeab  the  gangrenous  pustule  may  be  thrown  off. 
Infection  of  the  blood  is  fatal.     In  rare  eiises  the  infection  from  the 
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IjegiiiDiiifjj  may  slimv  it.-^^lf  :i,s  uii  oxtt^isivo,  intense,  (Bdeijuitoiie  Hwelling 
of  tlie  tissue  witljout  tin-  foniialiim  <if  a  eiiTinjiS4TilH*(l  plevatinii. 

In  the  re;^itiii  of  ;i  I'liUy  eimeluped  anthrax  pustule   (Fig,   453),  the 
eoriiiin  (d,  dj  aud  the  papillary  biwly  (c)  are  iuHllmted  with  a  sei-oeelhilar 
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exudate  as  well  as  by  bat*illi.  The  baeilli  lie  particularly  iu  the  outer 
portions  of  the  corium  (ti^)  aud  in  the  pupillary  body  (e),  but  may  also 
penetrate  iut4i  the  th^eper  layers  4>f  the  eorium  (/).  In  the  ueighborhrjod 
of  the  papillary  l>ody  (f)  tlu^  exudate  is  stvuguineoUiS.  Yesieles  tiiled 
with  bhxMly  tluiti  result  iT  tlu;  exudate  exteudsup  to  tlie  epithelial  cover- 
ing, aud  if  the  tleeper  portions  of  tlie  hitter  becouie  liquetied,  thereby 
I>enuittijiji  the  lirtiu|j-up  of  tiie  supertieial  layei-s  by  the  exuded  llnid. 
If  the  up|w*r  layers  tjf  the  skin  are  also  lost,  the  IMoody,  tluiil  eoutainiug 
the  t>aeilli  iff)  aiJijears  uptm  the  suifaci\ 

I        The  eellular  intiltratiyu  has  its  S4»al  chiefly  iu  the  coriuni  (<?,  d^,  <?), 
and  the  iuipn'ssi«iu  is  obtained  as  if  the  great  massing  of  cells  fonned  a 


eertiiiu  protei-tion  a.^'ainst  th*' fiulher  siiread 
of  the  bacilli.  The  cells  wliich  eollert  beliui*^ 
for  the  j^reater  part  to  the  p«ilynu<  lear  kuH'o- 
eytes  (FiK*  4'^>4).  The  Itacilli  lie  souietiines 
iu,  sonietinies  lietween  the  cells. 

If  an  iufet^tiiiu  with  anthnixspoi-es  takes 
plae^  iu  the  iutestiual  eaual,  tin  eveut  which 

nrs  uiost  frequc^utly  iti  the  small  lutestine, 
lesH  often  iu  the  stnuiaeh  aud  larf^e  iutestine, 
there  develop  dark  ret!  or  browuish-red  havui- 
orrhagie  foi'i.  the  size  of  a  lentil  or  bean  or 


■f^. 


<i^' 


^ 


Fro.  4f»4.— I'lHtlun  tif  UieautbrtLX 
puHtule  frcuij  Ibe  arm  ( F\x,  4>'iU)t 
coutalultur  tmcUiU    X  WK 
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larger,  with  a  grayish-yellow  or  greenish-yellow,  discolored  slough  in 
the  eeutre.  In  other  cases  the  crests  of  the  folds  of  the  mucosa  are 
swollen  and  hsemorrhagic,  and  show  evidences  of  sloughing  in  the  most 
prominent  parts.  The  mucosa  and  submucosa  are  infltrated  with  blood 
in  the  region  of  the  foci ;  the  surrounding  tissues  are  cedematous  and 
hyperseniic.  Bacilli  are  found  in  the  tissues  both  in  and  about  the  foci, 
particularly  in  the  blood-  and  lymph -vessels,  and  they  may  also  be 
demonstrated  in  the  neighboring  lymph-glands. 

Primary  lung  infection  may  also  occur  in  man  as  the  result  of  the 
inhalation  of  anthrax-spores,  proving  fatal  in  from  two  to  seven  days. 
Individuals  who  have  to  handle  the  hair  of  animals  that  have  died  of 
anthrax  are  especially  exposed  to  infection ;  and  the  disease  known  as  rag- 
8otier^H  diseasey  which  occurs  in  men  and  women  employed  in  the  sorting 
of  nigs  in  paper-factories,  is  in  a  part  of  the  cases  nothing  more  than  au 
anthrax  infection.  The  spores  taken  into  the  lungs  in  the  respired  air 
develop  in  the  bronchi  (rarely  in  nose  [Rosel] )  and  alveoli,  in  the  lymph- 
spaces  of  the  lungs  and  pleura  and  in  the  bronchial  glands,  and  penetrate 
also  into  the  vessels.  Their  growth  causes  inflammatory  hiemorrhagic 
processes  in  the  lungs,  as  well  as  serous  hemorrhagic  exudations  into  the 
pleural  cavity  jind  the  mediastinal  tissue,  and  swellings  of  the  lymph- 
glands.  It  may  also  lead  to  the  production  of  necrotic  foci  in  the  lungs 
and  in  the  bronchial  and  ti-acheal  mucosa. 

Mice,  mbbits,  sheep,  horses,  and  sparrows  are  very  susceptible  to  an- 
thrax ;  white  rats,  dogs,  and  Algerian  sheep  are  less  susceptible  or  im- 
mune. Cattle  ai-e  easily  infected  thix)ugh  the  taking  in  of  the  spores 
from  the  alimentary  canal,  but  are  less  susceptible  to  inoculation.  Forma- 
tion of  spores  does  not  tiike  place  in  the  tissues  and  in  the  blood. 

According  to  BrefeUi,  Prazmowski,  Klein,  and  others,  the  spore  consists  of  a 
protoplasmic  centre,  which  is  enclosed  by  a  double  membrane,  the  exosporiiun  and  the 
endosporiiim.  Durine:  germination  the  former  is  ruptured,  the  latter  becomes  the 
membrane  of  the  embryo.     The  liberated  embryo  multiplies  by  division. 

Swarming  movements  are  not  seen  throughout  the  entire  jKiriod  of  development; 
the  bacilli  are  always  motionless. 

The  bacilli  of  anthrax  are  easily  killed  by  high  temperatures,  drying,  and  through 
the  decomposition  of  the  nutrient  fluid.  The  spores,  on  the  other  hand,  are  very  re- 
sistant, and  are  therefore  usually  the  medium  of  the  spread  of  the  disease. 

The  colonies  upon  gelatin  sliow  a  wavy,  irregularly  shaped  margin,  and  consist  of 
many  interlacing  strands  of  threads,  which  later  grow  out  of  the  culture  in  all  direc- 
tions. The  gelatin  is  liquefied  inunediately  about  the  culture.  On  potato  the  bacil- 
lus forms  grayish-white,  slightly  granular  colonies  having  a  sharply  outlined  border. 
On  blood-serum  it  forms  a  white  coating. 

Stab-cultures  in  gelatin  are  white  and  during  the  process  of  growth  they  radiate 
at  right  angles  from  tlie  line  of  inoculation  out  into  the  gelatin,  particularly  near  the 
surface.     After  liquefaction  of  the  gelatin  they  sink  to  the  bottom. 

A  marked  attenuation  of  anthrax-baciUi  may  Ix;  produced  by  keeping  the  bacilli 
for  ten  minutes  at  a  temperature  of  55°  C.  (Tou^isaint)  or  for  fifteen  minutes  at  52®  C, 
or  for  twenty  minutes  at  50°  C.  (Ch/iuveau),  or  further  tlm>ugh  the  influence  of  oxygen 
under  high  pressure  (Chauveau).  The  baciUi  attenuated  by  exposure  for  a  short  time 
to  high  temperatures  quickly  regain  their  virulence ;  those  attenuated  at  lower  tern 
peratures  remain  weakened  for  many  generations. 

The  addition  of  carbolic  acid  to  the  nutrient  fluid  in  a  proportion  of  1 :  600  permits 
the  further  development  of  anthrax -bacilli,  but  destroys  their  virulence  within  twenty- 
nine  days  {Chaniberland,  Roux).  Likewise,  an  attenuation  may  be  produced  by  the 
addition  of  potassium  bichromate  (1 : 2,000-1 ;  5,000).  The  addition  of  carbolic  acid  up 
to  1 :  800  hinders  at  the  same  time  the  formation  of  spores. 

Through  cultivation  of  the  bacilli  at  42-43°  C.  {T&usmiiU,  Pasteur,  Koch)  their 
virulence  may  be  so  weakened  that  they  no  longer  kill  first  sheep,  then  rabbits  and 
guincji-pigs,  and  finally  mice.  If  the  tempemture  is  kept  in  the  neighborhood  of  48*  C. 
this  result  may  be  obtained  in  six  days;  at  42^  C.  it  may  require  about  thirty  days  to 
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decrease  the  virulence  to  this  extent  (AVWi).  Bv  first  inoculating  with  bacilli  which 
kill  mice  but  are  harmless  for  guinea-pigs,  and  afterward  inoculating  with  bacilli  which 
kill  guinea-pigs  but  not  strong  rabbits,  an  immunity  against  anthrax  may  be  obtained 
in  sheep  and  cattle  but  not  in  the  case  of  mice,  guinea-pigs,  and  rabbits.  'Such  protec- 
tive inoculations  are,  however,  not  of  practical  value,  since,  in  order  to  protect  against 
natural  infection  with  spores  from  the  intestinal  canal,  such  virulent  inoculation-mate- 
rial must  be  used  that  a  large  per  cent,  of  sheep  (ten  to  fifteen  per  cent.)  die  from  the 
inoculations.  Further,  the  protection  afforded  by  the  inoculations  is  of  very  short 
duration,  and  the  inoculation  must  be  repeated  within  a  year's  time. 

According  to  observations  by  E(mx  and  Chamberlnnd  anthrax  bacilli  which  are 
cultivated  in  bouillon  to  which  a  small  amount  of  potassium  bichromate  (1 : 2,000)  or 
carbolic  acid  (1  to  2: 1,000)  has  been  added,  permanently  lose  their  power  of  spore-forma- 
tion while  retaining  their  virulence. 

According  to  Koch,  anthrax -bacilli  may  b^  cultivated  in  the  presence  of  abundance 
of  water  upon  potatoes  and  in  an  alkaline  or  neutral  hay -infusion,  cold  infusions  of  pea- 
straw,  on  mashed  barley  and  mashed  wheat,  in  the  juice  of  turnips,  on  maize,  legumi- 
nous seeds,  and  numerous  dead  plants.  Consequently  they  are  able  to  grow  and 
develop  outside  of  the  animal  body— -for  example,  in  marshy  regions  and  on  river-banks 
(72.  Koch).  The  entrance  into  the  animal  body  is  to  be  regarded  as  an  accidental  excur- 
sion of  ectogenic  bacilli.  According  to  S(ty}M  the  development  of  spores  takes  place 
very  quickly  in  a  moist  medium  containing  the  necessary  nutrient  material  at  tempera- 
tures above  15'  C.  According  to  Kitt  the  dung  of  cattle  forms  a  nutrient  substratum 
for  the  bacilli. 

True  toxins  or  endotoxins  have  not  yet  been  demonstrated  in  the  case  of  anthrax 
bacilli. 
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§  159.  The  Bacillus  typhi  abdominalis  (Fig.  455),  or  the  Bacterium 
typkiy  is  a  fission  fuugus  Avhich  occui-s  cliiefly  in  the  form  of  plump  rods 
2  to  3  Ai  long,  having  rounded  ends,  and  in  cultures  growing  also  in  pseudo- 
threads.     It  is  regarded  as  the  cause  of  typhoid  fever.     When  examined 


X,; 


Kiii.  4r>5.  Fk;.  4.v^ 

Fiu.  155.— Typhold-barllll  from  u  pure  «Miltun>.    Stn-ak-preimnition  <methylcn«M)lue).     X  1,000. 
Fig.  45K     Typhoid-hiu-Illl  with  flaKClla.     (After  Bunj?u.)     X  l,-^"*. 


jilive  in  cultures  it  shows  Vively  independent  movements  which  are  acc(uu- 
l)lishc(l  by  means  of  liagella  (Fijr.  456)  attached  to  the  aides  of  the  rods 
{IS  well  as  to  their  endj<.  The  fiagella  may  be  demonstrated  by  proper 
staininj^-methods. 

The  bacilli  gain  entrance  into  the  human  on/anism  through  the  drinking- 
water  and  food;  though  infection  througli  the  lungs  is  not  to  l)eexcluded. 
According  to  the  results  of  anatoniii^al  investigations,  they  develop  par- 
ticularly in  the  iutestinal  wall,  in  the  solitary  and  agminated  follicles  of  the 
small  and  large  intestines,  as  wM  as  in  the  mesenteric  lymph-glands  and  in 
the  spleen.  In  tbe  first- named  ])lace  they  cause  an  inflammatory  infiltration 
of  the  mucosa  and  suhmucosa  (Fig.  457,  ff,,  />,)  which  is  extraordinarily 
rich  in  cells  and  ai)pears  in  the  form  of  fiat  or  somewhat  rounded  eleva- 
tions projcH'ting  abovi^  t  he  i nner  surface  of  the  intestines.  An  exudation  of 
fibrin  in  the  form  of  threads  may  take  place  both  on  the  free  surface  and 
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the  deeper  layers.  Oeeasionally  ot^llular  inMitmmatory  foci  of  limiU'd 
extent  also  oeeur  in  the  iiiuseuhiris  (r^,  d^)  and  the  .st-rosji  (f^).  A  part 
of  thr  iiiMllmtetl  Hssin^  usnal ly  shmj^hs  ami  islliea  east  iitl\  s(»  ihat  iilr^Ts 
are  formed.  Jn  other  parts  the  infiltration  may  Ih*  alisorlwid  and  the 
s^m:  1 1  i  1 1  ^r  d  i  sa  p  p  ea  r . 

Thi^  Hivf'lHtH/  of  thr  hfmph-(/f (frith,  whieh  is  likewise*  eaiised  l>y  an  aecii* 
miihitiou  of  cells  and  tlnid,  and  oeeaHitmally  of  fibrin,  ends  eithei*  in 
healing  through  the  absorption  of  ttie  iutiUrate  or  may  also  lea*!  tu  a 
partial  neernsis  of  tissne.  In  i\m  ftph'm  the  pidp  in  i>artienlar  swells, 
while  its  \ess44s  are  greatly  ililatrd  with  bloi>d,  ami  t  hi*  parenehynia  lalrr 
l»eeonu'S  en^vvtled  fM\\  nf  cells  ;ind  tbrid. 

The  bariiii  nrr  u^tmtlif  di^trihiittd  throutifiottf  oUar  pttrfH  fif  ih*  hodt/^ 
and  it  is  pri»l>;ibh*  that  the  intlammatury  exLidations  in  the  lun^s  oceur- 
ring  at  times  during  the  course  of  typhoid  fever  are  due  in  part  to  an  in- 
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TiQ^  457.— Typhoid  fpv#5r.    SocMon  ihrtmprh  th(»  i^tsre  of  o  swolleo  I^y«r*»  patcb  (»1c?oIiol.  Bi«muivk 

di,  e,,  dUTereat  ljiyer» 4if  the  Ini^tliiiil  wuK  nduwitig  ipdltnitloii ;  f,  »t^i\nm  of  gt&ndi  of  Lfi»U*rkahii;  j/, 
foaid«*.     X  la. 


L  CT^mt  of  the  bacilli  within  the  lungs.     It  should  always  1m^  bcn-ne  in  niind 
!'  that  aspiration -liiienmuinas  are  of  very  frequent  oecurrence  in  the  lungs 
of  typhoid  patients,  and  alsu  tlial  Hfat^dti rg  iH/tr(i'im>t  (vm'vi}  nuiy  take 
pljwe  from  the  nheis  and  may  give  rist*  to  tnetastatie  inflammations  in 
ditfcrent  tissnes.     The  swellings  of  lln^  niucusa,  and  snbmurusa  and  uf  Ih** 
periehondriid  tissue,  wliich  often  (H-«'ur  in  t\n^  pahitc,  thnmt,  and  larynx, 
are  in  part  the  result  of  the  specitic  intection,  and  in  ]>art  of  secondary^ 
I  disejise.     Moreover^  typhoiddHieilli  have  l^^•en  deuionst rated  in  the  1*1  ood, 
liver,  gallbladder,  in  thr^  rnst^  spots  of  the  skin,  in  the  kidneys,  central 
'  uervous  system, testicles,  in  plenrilieand  peritom^al  tliii4ls,  in  the  perios- 
t^uui,  bone -marrnw,  e1c»,  in    part  by  nn*ans  of  Thcmierc»s4^ope  aiitl  in  part 
by  means  of  eultivation.      In  all  nf  these  regions  they  may  t^anst*  degen- 
eration and  intlamination,  and  give  rise  to  suppuration,  so  that  the  intlam- 
aaat ions  occurring  during  the  course  4)f  typtiuid  fever  owe  I  heir  origin 
*M)metinies  to  the  dissemination  and  localization  of  the  typhoid-lkiieilli. 
ind  Bometime.s  to  seeoudarv  or  mixed  infections.     The  baeilli  circulate 
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ill  the  blood  for  about  two  or  three  weeks  and  their  cultivation  from  tbe 
blood  may  he  employed  as  a  diagnostic  method.  When  typhoid  fevet 
occurs  during  pregnancy  the  typhoid-bac*illi  may  psiss  into  the  foetus. 

The  typhoid-bacilli  produ(»e  poinons  climjing  to  the  eeUs  {typhiAoxL^y 
and  but  little  is  known  of  their  nature.  The  symptoms  of  the  disease  ^^^ 
for  the  greater  part  to  be  referi-ed  to  the  intoxication.  In  the  courses  ot 
typhoid  fever  there  ai)pear  in  the  blood  certain  bactericidal  substaim  <es 
which  cause  a  degeneration  of  typhoid-bacilli  (cf.  §  31).  This  may  ^ 
demonstnit(»d  by  the  fact  that  (Widal-Gruber  reaction),  through  the  ^ad- 
dition of  serum  from  an  individmil  ill  or  convalescent  from  typhoid  fe\^ — er, 
to  a  bouillon-culture  of  freely  motile  typhoid-bacilli,  the  latter  bec*<^  me 
motionless,  clump  together  (agglutination),  sink  to  the  bottom  and  t^^^ie. 
This  reaction  may  be  used  as  a  means  of  diagnosis,  but  is  not  of  abs(»l  '■itp 
ceitainty,  since  agglutination  may  be  produced  by  the  serum  of  indi\^  id- 
uals  who  have  not  liad  typhoid  fever,  and  may  be  absent  in  the  case  oi 
typhoid.  The  agglutinating  power  can  last  for  years,  but  it  may  5»-^so 
vanish  after  a  month  (Krause). 

Individuals  who  have  had   typhoid  fever  may  harbor  the   bacilli  within  tlJ^l'. 
bodies  for  years  after  the  attack,  without  showing  any  symptoms  of  infection  {**  typfSf^^*^ 
Mrners^^).     By  giving  off  the  bacilli  through  their  urine  or  faeces  such  typhoid  carr^^*?. 
become  an  element  of  danger  to  the  community  in  which  they  live.     ('*1^yphoid  Bac^*^*^ 
Carriers."     Park,  J.  Anur.  Afcd.  Assoc.,  1908.) 

The  typhoid-bacillus  stains  well  in  cover-glass  preparations,  with  gentian- viol  ^\ 
alkaline  methylene-blue,  and  Bismarck  l)n)wn.     It  is  decolorized  by  Oram's  meth-^^^^"^!^ 
It  is  difficult  to  demonstrate  it  in  sections  of  hardened  tissues,  since  the  cell-nuclei  a».^  "^- 
take  the  stain,  and  becaust*  the  bacilli  are  nut  uniformly  distributed,  but  are  usuifc-^  ^^ 
found  lying  in  the  tissue  in  clumps.  a 

The  bacillus  may  be  cultivated  upon  nutrient  gelatin,  agar-agar,  and  hlo-*^^^u 
serum,  also  in  milk,  and  upon  potato.     I'pon  the  last  nan)ed  it  forms  a  coating  wh  '^'  ^ 
can  \ye  scarcely  rcc()gnize<i  by  the  naked  eye;  but  when  the  surface  is  touched  wit^  '^^    ^ 
platinum  win*  it  becomes  apparent  that  it  is  covered  with  a  pellicle,  which  on  mic  ^ 
scopio  cxaininatioii  is  shown  to  consist  of  bacilli. 

On  gelatin  and  aijar-a^ar  the  bacilli  form  grayish-white,  irregularly  shaixMl. 
j^rowtlis.     (lelatin  is  not  ({(/jh fi(<L     Milk  In  whicli  trie  bacilli  are  grown  is  not  chanj. 
extcrnally. 

Tlic  cultures  thrive  at  rooin-teni])erature  as  well  as  at  body  tem|x»rature.  Pota  ^^'  T 
cultures  made  in  the  usual  niantier,  when  kept  between  30°  and  42°  C..  province  re  ^^  ^  ^ 
which  have  glistenin^r  bodies  in  their  poles.  (i(i,ffky  regarded  these  as  spores,  and  t  ^EbT 
majority  of  authors  formerly  accepte<i  this  view.  Acconhng  to  Buchncr  and  Pfir'-  -^^^  ' 
however,  these  granules  at  the  jxmcs  are  degeneration  phenomena,  which  occur  p  -^=  ^^^V 
ticularly  wlien  acid  is  present  in  the  culture  medium.  The  polar  granules  reprcsen^^— ".^* 
condensed  protoplasm,  and  therefore  stain  in  fresh  preparations  more  quickly  with  t^  ^  ^ 
aniline  dves  than  do  the  other  parts  of  the  cell.  The  clear,  colorless  spoiij  which  c::=^  ^ 
^{'iy\\  at  tlie  ends  of  tlie  rods  in  dried  and  stained  bacilh  have  l>een  held  to  be  identi  -^cr:^-^' 
witli  the  polar  j^ranules  and  therefore  regarded    as   spores,  but  are  due.  according  ^^ 

Ihtrhncr,  to  liollow  spaces  formed  at  the  ends  of  the  rods  as  the  result  of  the  retrs^^^  ^"' 
tion  of  the  protoplasmic  tube  following  the  death  and  drying  of  the  baciUi.  Spo  ^  *-'" 
formation  has.  therefore,  not  yet  been  demonstrated.  _  ^ 

Cultunvs  of  typlioid-bacillus  show  Tew  characteristic  appearances  and  are  with  i  ^  ■  ^' 
ficulty  (listinjLcuJNfuMl  froui  those  of  other  bacteria  widely  scattered  in  tlie  outer \vor~  1*3; 
Likewise  tli<Mr  properties  are    very  similar  to    those    of    the  Bacilhis   coli   comnm  '^*  *''^ 
(§  100).     Certain  points  of  difference  are  as  follows:    The  typhoid-baciUi  produce      ^*^ 
indol.  while  oth<'r  similar  bacteria,  such  as  the  Hanllus  coli,  pnMiuce  it.  so  that  bo**-*''' 
hm  cultures  become  red  through  the  addition  of  potassium  nitrite  and  sulphuric  acr-i*^'- 
The  typhoid-bacillus  produces  no  gas  in  a  two-per-cent  grape-sugar  bouillon,  while    t:  *'^ 
Btirilius  rnli  produces  ga>.     Finally  typhoid-bacilli  in  milk  cause  a  weak   acidity  'b^'J 
no  coairulation.  while  the  Harillus  coli  will  cause  at  37°  C.,even  in  twenty-four  to ioM~ty* 
(Mght  hours.  .1  strong  acidity  and  coagulation  of  the  milk.     When  typhoid  bacilli _  ^^' 
grown  on  a^ar  colored  blue  with  litmu>.  tlic  color  remains  unchanged,  while  Bacfi'"'^ 
rnli  decolorizes  (he  blue  nutrient  medium. 


In  moist  earth  {(inuichvr,  Drschntnfts).  in  pure  and  impure  water,  tvphoid-biiO"^ 
may  remain  alive  for  weeks.     In  artificial  Seltzer  water  tney  do  not  die  out  fi'*r  i* 
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^OjMer  period  (HochMetter).  In  privy  vaults  and  fsecal  masses,  or  in  earth  saturated 
Jith  fa«al  matter  {FihkUr^  Uffeimannf  Karlinski)  they  may  under  certain  conditions 
"ve  for  weeks  and  months. 

Inoculations  of  the  bacilli  in  the  case  of  the  animals  ordinarily  used  for  expert - 
?^nt  do  not  produce  a  disease  corresponding  to  typhoid  fever  in  man.  Experimental 
*^vestigations  show,  however,  that  the  typnoid-bacilli  produce  active  toxins  (endo- 
toxins?) which  in  large  doses  kill  the  animals,  causing  hyperaemia  and  swelling  of  the 
'Intestinal  follicles,  mesenteric  glands,  and  the  spleen.  Cultures  injected  into  the 
tissues  cause  a  local  inflammation  of  greater  or  less  intensity. 

The  value  of  the  aggflutlnatlon  test  is  but  limited,  since  it  is  hard   to  decide 

whether  the  ag^utinating  effect  of  the  serum  is  brought  out  by  the  same  kind  of  bacil- 

I         <Us  or  by  a  related  variety.     In  general  the  serum  of  a  patient  agglutinates  the  species 

<^aiismg  the  disease  in  a  greater  dilution  than  in  the  case  of  a  related  organism,  but 

there  occur  exceptions  to  this  rule.     According  to  Lubmvski  and  Steinberg  the  agglu- 

fuuktibility  of  typhoid-baciUi  can  be  easilv  increased  in  guinea-pigs  and  rabbits  through 

<  ppoteus  or  staphylococcus  infection.     Much  more  positive  as  a  diagnostic  method  is 

tho   demonstration  of  typhoid-bacilli  in  the  blood  by  means  of  cultures. 

As  paratyphoid  lever  there  has  been  differentiated  through  observations  of 
i^o^nt  years  a  disease  similar  to  ordinary  typhoid  fever,  but  which  is  caused  by  a 
sf^^-oial  form  of  bacillus  of  which  a  type  A  and  a  typ)e  B  have  been  described.  Clini- 
caXly  the  disease  runs  a  hghter  course  than  typhoid  fever  and  rarely  is  fatal.  The 
an^itomical  findings  (Longcape  and  Luksch)  are  similar  to  those  of  typhoid  fever,  but 
t\^^  intestinal  changes  are  less  marked  and  ordinarily  confined  to  the  colon.  It  is  pos- 
jit»l€  to  maKe  a  differential  diagnosis  by  means  of  the  Widal  reaction:  yet  it  should 
^^  noted  that  paratyphoid  serum  will  agglutinate  also  typhoid-baciUi  to  a  certain 
«^en«e. 

The  paratyphoid  bacteria  stand,  as  far  as  their  cultural  characteristics  are  con- 
*^^'»Tied,  between  the  typhoid-bacillus  and  the  Bacillus  coli  conununis.  The  round, 
****^X)th-edged  gelatin  colonies  {Kayser)  of  freshlv  cultivated  strains  do  not  show  the 
^^^F>erficial  vein-like  furrowing.  In  the  type  A  they  are  almost  coloriess,  while  in  the 
^^"I^  B  they  are  whitish.  Both  consist  of  short  rods  and  are  lively  motile;  they  fer- 
'*^^'Jt  sugar  without  coagulating  milk;  cause  fluorescence  in  neutral-red  media;  grow 
^^  blue  colonies  on  the  Drigalski-Conradi  plates  and  do  not  produce  indol  in  bouillon 
_]^**^Ures.  Type  A  forms  more  delicate  pellicles  than  B,  and  grows  on  potatoes  in  a 
fJ^^Hner  similar  to  the  bacillus  of  typhoia  fever.  Milk  is  not  changed  by  type  A,  while 
^    *«  cleared  (alkaline)  after  several  weeks  by  type  B. 
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long  and  0.3-0.4  /*  thick.  They  are  motile  and  may  possess  as  many  as 
twenty  flagella  on  one  rod.  The  bacilli  grow  at  room-temperatnre  as  well 
as  at  the  temperature  of  the  incubator.  They  form  within  the  gelatin 
small,  round,  white  colonies;  upon  its  surface  pellicle-like  coatings. 
Cpon  potatoes  they  form  moist  coatings  of  the  yellow  color  of  maize 
or  pease  (Giinther).  They  do  not  form  spores ;  and  are  not  stained  by 
Gram's  method. 

The  BaciUus  coli  is  very  similar  to  the  typhoid  bacillus,  but  may  be 
diflferentiated  from  it  by  proper  methods  of  cultivation  and  by  the  em- 
ployment of  suitable  reactions  (cf.  §  159).  It  was  formerly  regarded  as 
a  harmless  saprophyte  of  the  colon ;  but  from  later  investigations  it  can- 
not be  doubted  that  it  also  possesses  pathogenic  properties  and  may  cause 
degemerations  and  inflammations  in  various  tissues.  Under  suitable  condi- 
tions (perforation  or  incarceration  of  the  intestine,  or  impaction  of  fa?ces) 
it  may  pass  into  the  peritoneal  cavity  and  excite  purulent  inflammations, 
or  at  least  take  part  with  other  bacteria  in  the  production  of  inflamma- 
tion. Further,  it  not  infrequently  gains  access  to  the  bile-passages  and 
i^i^ll- bladder,  as  well  as  to  the  descending  urinary  passages  and  the  kid- 
neys, giving  rise  to  inflammations  of  varying  intensity.  The  bacillus 
has  also  been  found  in  the  meningeal  exudate  in  certain  cases  of  sepsis; 
it  has  been  demonstrated  also  in  x>ericarditis,  bronchopneumonia,  stru- 
mitis, angina  of  scarlet-fever,  and  it  cannot  be  doubted  that  it  may  be 
the  cause  of  the  affections  named. 

The  similarity  between  the  colon-bacillus  and  the  typhoid-bacillus  has  led  various 
authors  to  assume  that  the  two  bacilli  are  only  varieties  of  the  same  species,  and  that 
the  two  forms  may  pass  over  into  each  other.  At  the  present  time  the  view  prevails 
that  the  two  bacilU  are  to  be  wholly  separated  from  each  other  (§  159).  Moreover,  the 
form  of  bacillus  which  is  described  as  colen-bacUlus  is  not  a  very  distinct  form,  but  rep- 
resents rather  a  group  of  different  varieties.  Three  to  four  days  after  the  inoculation  of 
an  animal  'with  colon-bacilli  the  blood-serum  of  the  infected  animal  produces  an  agglu- 
tination of  colon-bacilli  (JcUta),  which  is  most  marked  in  the  case  of  that  variety  which 
was  used  for  the  inoculation.  Colon-bacillus  serum  (Jatta)  a&iglutinates  typhoid-bacilli 
more  markedly  than  docs  normal  blood-serum.  On  the  other  hand,  tvphoid  serum 
can  agglutinate  different  varieties  of  rolon-bacilli. 
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Amaud:  Rech.  sur  I'^tiologie  de  la  dysenteric.  Ann.  de  I'lnst.  Pasteur,  viii.,  1894. 
Bunge:  Zur  Kenntniss  der  geisseltragenden  Bakterien.  Fortschr.  d.  Med.,  xii.,  1894. 
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Lartigau:  The  Bacillus  Coli  Communis  in  Human  Infections  (Lit.).     Studies  from  the 

Dept.  of  Path,  of  Columbia  University,  1901-02. 
Lesagre  et  Macaig^ne:  Virulence  du  bact.  coli.    Arch,  de  m^.  exp.,  iv.,  1892. 
labman:   Paracolon  Infection.    Jour,  of  Med.  Res.,  1902. 
Longcope:   Paracolon  Infection.     Amer.  Jour,  of  Med.  Sc.,  1902. 
Neisaer:   Unters.  Qb.  d.  Typhusbac.  u.  Bact.  coli.     Zeitschr.  f.  klin.  Med.,  xv..  1893. 
Oker-Blom:   Eindringen  des  B.  coli  in  die  Darmwand.     Cbl.  f.  Bakt.,  xv.,  1894. 
Pisenti:  Sui  rapporti  del  B.  coli  colla  infezione  tifosa.     Arch.  p.  le  Sc.  Med.,   xviii., 

1894. 
Renault:   Du  bact.  coli  comm.  dans  I'infection  urinaire,  Paris.  1893. 
Bodet  et  Boux:   Bac.  d'Eberth  et  B.  coli.     Arch,  de  mdd.  exp.,  iv..  1892. 
Roger:  Toxicity  des  prod,  solubles  du  bact.  coli.     Arch,  de  phys.,  1893. 
Sclunidt  u.  Aschoff:    Die  Pyelonephritis  in  anat.  u.  path.  Bcziehungu.  die  ursachl. 

Bedeutung  d.  Bact.  coli  comm.  f.  d.  Erkrankung  der  Hamwege,  Jena,  1893. 
Stem:   Pathogene  Wirkung  des  CoHbacillus.     Deut.  med.  Woch..  1893. 
Stroebe:   Acute  Leberatrophie.     Beitr.  v.  Ziegler,  xxi.,  1897  (Lit.). 
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iii.,  1892. 
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§  l(il.  Under  the  designation  Bacillus  enteritidis  (Gartner)  there  is 
placed  a  group  of  bacilli  found  in  animals  suffering  with  inliainmations 
of  the  intestine,  lungs,  uterus,  or  udder,  and  with  septiciemia.  When 
gaining  entrance  into  the  human  alimentary  tract  these  ba(*illi  excite 
more  or  less  severe  inflammations  of  the  intestine  characterized  in  pait 
by  swellings  of  the  follicles.  Man  is  infected  by  eating  meat  taken  from 
animals  slaughtered  while  in  a  diseased  condition,  and  such  an  infection 
takes  place  most  often  through  the  meat  of  sick  calves.  Other  sources 
of  infection  (drinking-water,  milk,  fish  that  have  Ciitcn  diseased  meat, 
oystei^,  etc.)  are  not  excluded.  The  affection  belongs  to  the  group  of 
meat-poisonings  (see  Bac.  botulinus,  §  157)  occurring  in  different  places 
in  the  form  of  lo<*al  epidemics. 

The  bacilli  are  short,  often  ovoid,  at  times  motile,  and  possess  four  to 
twelve  flagella.     They  are  not  stained  by  Gram's.     They  form  poisons 
that  are  resivStant  to  high  temperatures;  and  are  pathogenic  for  mice, 
guinea-pigs,  rabbits,  calves,  and  apes.    Injected  into  the  tissue  they  cause  ^ 
local  inflammations  and  give  rise  to  haematogenous  and  lymphogenous^ 
metastases  in  different  organs.     Their  entrance  into  the  alimentary  tnu•^  ^^ 
causes  a  gast  ro-enteritis. 

The  Bacillus  enteritidis  was  first  studied  by  Gdrtner  in  1888  and  recognize;^ 
as  the  cause  of  the  gastro-intestinal  form  of  meat-poisoning.  His  findings  were  coi^^ 
firmed  by  the  investigations  of  Van  Ermengem,  Fischer,  Durham,  Thomassen,  Petr^  ^ 
and  others.  The  bacillus  is  distinguished  from  other  bacilli  such  as  the  Bac.  typk^^ 
Bac.  coli,  etc..  partly  by  its  cultural  characteristics  and  also  by  the  agglutinating-  ^ 
action  of  the  serum  of  infected  individuals  or  of  previously  immunized  experiments-  ^ 
animals.  Surface  colonies  on  gelatin  are  similar  to  those  of  the  colon-bacillus.  T\>  m-  * 
form  no  indol,  do  not  coagulate  milk,  but  caiuse  it  to  take  on  a  yellow  color:  th  m.  ^ 
ferment  sugar  with  the  production  of  gas.  The  infection  is  caused  most  often  thnui  .^  _ 
the  consumption  of  the  flesh  or  organs  of  calves  and  cattle  that  have  suffered  from  t  :^- 
various  diseases  designated  as  septicaemia  of  calves,  dysentery,  enteritis,  pneun-  -^  ' 
enteritis,  and  infectious  inflammation  of  the  intestine. 

According  to  Trauimann,  the  bacteria  of  meat-poisoning  and  the  so-called  pa"   .^: 
typh  )id  fever  Mong  to  the  same  species,  to  which  he   gives  the    name    Bac.  pa  -^k.-^ 
hfphosua.     The    varieties   of   these    bacilli    can   be   differentiated    only  through  »" 
aggluti  nation -test. 
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Meat-lntoziaitioiis  caused  by  the  consumption  off  meat  undergoing  the 
ordinary  putrid  decomposition  caused  by  bacteria  {Proteus,  Bac.  coli)  are  very  rare 
and  are  not  severe.  This  is  shown  in  the  fact  that  game  and  cheese  are  often  eat- 
en in  a  condition  of  decomposition  without  exciting  any  marked  gastro-intestinal 
disturbances  or  symptoms  of  mtoxication. 
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§  162.  The  Bacillus  dysenteriae  is  a  bacillus  described  by  Shiga, 
FlexDer,  and  Knise,  and  is  very  probably  the  cause  of  severe  catarrhal, 
tliphtheritic,  hsemorrhagic,  and  purulent  inflammations  of  the  colon  that 
are  classed  with  epidemic  dysentery.  Besides  this  form  of  hacUlary  dysen- 
tery there  occur  affections  classed  as  dysentery  that  clinically  and  ana- 
tomically are  very  similar  to  it,  but  are  due  to  other  parasites,  amtrhw  in 
particular,  or  to  chemically  active  substances  (sublimati*,  septic  poisons), 
or  are  induced  by  ftecsal  retention. 

The  dysentery  bacillus  is  a  plump,  short  rod,  with  rounded  ends,  often 
somewhat  tapering  off.  They  have  no  flagella  and  are  non -motile.  They 
are  easily  stained  by  aniline  dyes  (methyleue-blue,  carbol  fuchsin)  and 
often  show  polar  staining.  They  are  decolorized  by  (tram's.  On  the 
ordinary  nutrient  media  the  bacillus  grows  best  at  a  temperature  of  37" 
C,  either  under  aerobic  or  anaerobic  conditions. 

That  inflammations  of  the  intestine  similar  to  dysentery  may  be  produced  by 

bacilli  was  recognized  by  me  as  early  as  1881  and  1882.     In  the  Insane  Asylum  at 

■Rheinau  during  an  epidemic  I  found  constantly  the  same  bacillus  in  tlie  wafl  of  the 

thickened  colon.     Cultures  were  not  made,  but  it  is  probable  that  it  was  identical 

'^'ith.  the  bacillus  cultivated  and  thoroughly  studied  by  Shiga  and  Krvse. 

According  to  the  American  investigators.  baciUary  dysentery  is  due  to  a  numlx»r 
^/  types  oi  bacilli,  differing  in  their  fermentative  action,  bacteriolytic  and  agglutina- 
tion tests.  In  the  treatment  of  the  disease  Shiga  recommends  a  polyvalent  serum 
active  against  all  tyjjes. 
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^e:xner:   Phil.  Med.  Jour..  1900;   Univ.  of  Penn.  Med.  Bull.,  1901. 
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^^■^>«e  and  Pasquale:  Dysenteric.    Z.  f.  Hyg.,  16  Bd.:  Zeit.  f.  arztl.  Fortbild.,  i..  1904. 

Sj^^t^:   I^ysenterie.     Handb.  d.  path.  Mikroorg.,  ii..  1903  (Lit.). 

-•^8^:   Erreger  der  Dysenteric.  C.  f.  B..  xxiii..  xxiv.,  1898:   D.  med.  Woch..  1901: 
^»,^    .5^.  f.  Hyg.,  21  Bd.,  1902;  D.  med.  Woch.,  1903. 
^^^i<aiiielbaum:   Dysenteric.     Verb.  d.  Deutsch.  path.  Ges.,  iv.,  1902. 

§  163.  The  Bacillus  pyocyaneus  wiis  first  demonstrated  in  the  pus  of 

^*"?^liids  in  which  it  had  produced  a  bluish-green  discoloration.     It  is 

^^^^ly  distributed  throupchout  the  outer  world,  l>eing  found  particularly 

•  ^  liquid  manure  and  dung-heaps,  also  in  water,  and  also  occui-s  in  the 

^^^«tinal  contents  of  animals  (swine)  and  of  man. 

The  Bacillus pyocjfaneus  forms  rods  of  varying  size  (0.6-1-6  /<).     They 
;  a  terminal  flagellum.     It  is  decolorized  by  drain's.     Spores  are 
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not  formed.  It  is  easily  cultivated  upon  the  ordinary  media  and  pro- 
duces ferments  that  liquefy  gelatin,  coagulate  milk,  and  break  up  albu- 
min. It  produces  a  pigment,  the  (in  the  presence  of  air)  hluish-green 
pyon/anin,  whicJi  is  soluble  iu  chloroform,  and  a  greenish  fluorescing  ]^\g' 
nient  soluble  in  water  but  not  in  chloroform  and  which  in  gelatin  cult- 
ures causers  the  greenish  fluorescence  of  the  gelatin.  For  the  majority 
of  experimental  animals  it  is  pathogenic,  particularly  for  guinea-pigs 
and  goats,  and  causes  first  local  inflammation  at  the  seat  of  inoculation, 
but  later  may  spread  through  the  blood.  In  bouillon  cultures  it  forms 
both  a  true  toxin  and  an  endotoxin. 

For  num  \t  possesses  a  limited  pathogeniciiy.  Xursing  infants  and  chil- 
dren who  have  recently  had  their  resistance  lowered  by  other  diseases 
are  especially  susceptible.  Intestinal  inflammations  are  most  frequently 
to  l)e  referred  to  the  Baxnllns  pyocyaneus,  but  it  may  cause  also  inflamma- 
tions of  the  umbilicus,  middle  ear,  localized  inflammations  of  various 
organs  (endocardium),  and  generalized  infections. 
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1903. 
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S  H>4.  The  Bacillus  tetani  (Kita^ato)  is  a  fine,  slender  bacillns  (Fijr. 
45S)  which  is  widely  distributed  throughout  the  superficial  layers  of  the 
earth,  and  is  to  be  regarded  as  the  (^ause  of  tetanus.  According  to  obser- 
vations made  by  Nicolaier  in  1885,  it  is  often  possible  to  produce  in  niicr. 
guinea-pigs,  and  rabbits,  by  means  of  subcutaneous  inoculation  of  sur- 
fa(<»-<*arth,  a  typical  tetanus  with  fatal  termination,  due  to  this  bacillus- 

Ii  wjis  first  demonstrated  by  Rosenbach  iu  1886  that  this  same  foni*- 
of  bacillus  is  present  in  the  st^at  of  injury  iu  cases  of  tetanus  in  man  fol^ 
lowing  trauma  or  freezing;  and  that  when  inoculated  into  guinea-pig^-s^ 
and  mice  it  again  produces  tetanus.     Since  that  time  this  discovery  haj=^ 
been  many  times  corroborated. 

The  tetanus-bacillus  is  anaerobic  and  thrives  very  well  in  an  atmos-    - 
pliei'c*  of  hydrogen,  but  not  in  carbonic  acid  ga«.     It  grows  on  onlinary  ^ 
])eptone-agar  that  is  slightly  alkaline,  on  blood-serum,  and  in  nutrient 
gehitin.     The  latter  is  liqueiii^l  with  evolution  of  gas.     The  addition  of  ^ 
from  1.5  to  2  pcM*  cent.  gra])e-sugar  to  agar-agar  accelerates  the  growth;   ' 
a  temj>erature  of  .S()°-.38°  C.  is  most  favorable  for  its  development.     It 
forms  long,  thin,  bristle-sha])ed  rods  which  form  terminal  spores  (Fig. 
458)  giving  rise  to  a  sj)herical  swelling  at  the  end  of  the  rod  (knobl)ed 
baeilliV      In  cultures  it  may  form  long  pseudot breads.     The  culturt*.'^' 
give  oir  an  oflfensive  odor;  gelatin  is  slowly  liquefied.     The  bacilli  staiir 
by  Orani'S  method.     They  are  motile  except  during  the  time  of  spoi^- 
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formation,  and  possess  peritrichous  flagella.  Pure  cultures  inoculated 
into  horses,  asses,  guinea-pigs,  mice,  nits,  and  rabbits  cause  tetanus,  but 
in  the  case  of  rabbits  larger  amounts  must  be  injected.  The  tetanic  con- 
tractures begin  in  the  neighborhood  of  the  point  of  inoculation.  Suppura- 
tion does  not  occur  at  the  point  of  inoculation.  The  bacilli  cannot  be 
demonstrated  after  the  death  of  the  animal,  and  ai*e 
never  found  in  the  tissues  except  at  the  seat  of  inocula- 
tion. 

The  specific  action  of  the  tetanus-bacillus  is  to  be  re- 
feri-ed  to  the  i)roduction  of  a  true  toxin  (tetanus  toxin) 
which  through  its  haptophore  group    is  Inmnd  to  the 
cells  of  the  nervous  system,  and  thereby  after  a  certain 
])eriod  of  incubation  excites  tetanic   convulsions.     An       p,„,  458.-Teta. 
antitoxin  is  produced  in  the  body  of  man  and  exi)eri-    ^^jj;^""^*"'*^^^^" 
mental  animals  and  by  it  animals  may  be  nmde  immune    Bx».  *^'^' 
against  tetanus  (see  S  •^-)- 

The  infection — intoxication — of  man  takes  phice  usually  through  the 
medium  of  small  wounds;  idiopathic  or  rheumatic  tetanus,  which  does 
not  start  from  demonstrable  Mounds,  may  arise  througli  Infection  from 
the  mouth-cavity  and  the  respiratory  tract  (Carbone,  Perrero,  Thalmann). 
A  pi-eexisting  catarrh  favors  the  infection  (Thalmann).  When  taken 
into  the  alimentary  tract  the  poison  beccnues  inactive  as  the  result  of 
changes  produced  by  the  digestive  juices  (see  §  29). 

The  tetanus-bacillus  is  not  found  isolated  either  in  the  earth  or  in  infected 
wounds;  and  inoculations,  therefore,  consist  of  a  mixture  of  bacteria.  Attempts  to 
isolate  the  bacillus  by  means  of  cultures  were  therefore  unsuccessful  with  the  majority 
of  investigators.  In  tlie  year  1889  Kitasato,  in  Koch's  laboratory,  succeeded  in  iso- 
lating the  tetanus-bacillus  by  heating  for  a  half-hour  to  one  hour,  on  the  water-batli, 
at  80°  C.  mixed  cultures  that  had  been  kept  for  several  days  in  the  incubator,  and 
then  plating  the  cultures  in  an  atmosphere  of  hydrogen.  Through  the  heating  the 
bacteria  growing  at  the  same  time  witn  the  tetanus-bacilli  were  killed,  while  the  tet- 
anus-bacUli  survived.  Tetanus  toxin  (Kitaaato)  is  destroyed  by  heating  (65°  C.  and 
over)  for  a  few  minutes  and  by  direct  sunlight  (fifteen  to  eighteen  hours),  and  loses 
also  its  virulence  in  a  few  weeks  under  the  influence  of  diffuse  daylight. 
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Xoachoowitz:  Tetanus,  a  Study,  etc.  (Lit.).  Studies  from  Dept.of  Path,  of  Colum- 
bia University,  1899-1901. 
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S  165.  The  Bacillus  G&dematis  mali^ni  (  Vibrion  Mepfiqtte  of  FBHte\\r)\s^,ss^^^ 
an  anaerobic  bacillus  first  carefully  studied  by  R.  Koch.     It  is  present  iii^-^ 
various  putrefying  substances,  and  its  spores  are  almost  never  absents  ^^^ 
from  earth  fertilized  by  decomposing  fluids  or  liquid  manure.    The  bacill      _ 
are  3-3.5  /^ilong,  and  1-1.1  .abroad;  they  often  f^rm  long  pseudothreadsi^ss.;^^ 
They  resemble  the  anthrax-bacilli,  though  somewhat  moi-e  slender,  ar— j 
rounded  at  the  ends,  and  not  sharply  cut  acix)8S.     In  spore-formation 
swelling  of  the  rod  takes  place,  as  in  the  ciise  of  the  Bacillus  butyricus^  ^ 
so  that  spindle-  and  tad  pole -shai)ed  forms  arise.  ' 

The  bacillus  is  motile,  and  possesses  flagella  on  the  ends  as  well  ^ 
on  the  sides.     It  is  not  stained  by  Gram's  method. 

It  grows  in  nutrient  gelatin  iis  well  as  in  agsir  and  coagulated  bloo^-^r-^  - —  ^  ^ 
serum,  but  must  be  introduced  deeply  into  the  medium  and  protects  ^^i-  -^^ 
from  the  air.  Nutrient  gelatin  to  which  one  to  two  per  cent,  of  grap: — ^^--  _  ^ 
sugar  has  been  added  is  an  especially  favorable  medium  (Fliigg^^  ■  — -  -^^t. 
Xutricnt  gelatin  and  blood-serum  are  liquefied,  the  latter  with  evohiti  ^^k:  -~  i^ 
of  gas,  _ 

Tne  biicillus  can  l>e  easily  obtained  by  sewing  up  garden-earth  nnr  ~  ^^     ^  ^L 

the  skin  of  a  guinea-pig,  care  l)eing  taken  to  prevent  the  access  of  air zhk^^kt  i 

the  point  of  inoculation.     The  ensuing  multiplication  of  the  bacteria  ^^^^  e? 

cites  a  progressive anlematous  swelling  of  the  subcutaneous  tissue.  A 

a  later  stage  the  bacilli  s])read  over  the  serous  membranes,  and  invo~       -^   ^^Iv 
the  spleen  and  other  organs. 

Mice,  guineji-pigs,  hoi-ses,  donkeys,  sheep,  swine,  cattle,  and  pige- 
are  susceptible  to  the  bacilli;    rabbits  and  fowls  ai-e  less  8U8ceptil_.T: 
while  rats,  dogs,  and  cats  are  still  less  so. 

According  to  observations  by  Brieger,  Ehrlich,  Chauveau,  Arloi   "■ 
and  others,  the  bacilli  of  malignant  cedemamay  also  occasionally  deve-  "1 
in  the  human  body,  particularly  when  the  tissues  are  poorly  nourisS.  v 
and  the  bacilli  through  any  accident— puncture  of  a  hypodermic  syri  "■  r_ 
— get  into  the  deeper  tissues.  They  ex(Mte  gangrenous  processes  associsi  t 
with  haMuorrhagic  a*dema  and  gas-i)roduction. 

As  the  Bacillus  phle^mones  emphysematosae  R.  Fraenkel  in  1  * 
described  an  anaerobic  bacillus  staining  with  Gram's  which  in  ma* 
cas<\s  is  to  be  regarded  as  the  cause  of  phlegmonous  inflammation  ajs* 
(*iat(Hl  with  gjis-formation.     According  to  Fraenkel  the  bacillus  is  n< 
motile  and  only  except icmally  forms  spores.     In  cultures  it  forms 
It  occurs  in  the  external  worhl  (by  Fraenkel  it  was  demonstrated  ui 
a  splinter  of  wood  with  which  a  man  dying  of  gas-phlegmon  had  1>^==^^^ 
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wounded) ;  and  when  injected  subcntaneously  into  guinea-pigs  or  spar- 
rows produces  a  progressive  gangrenous  process  with  disintegration  of  the 
subcutaneous  tissues  and  muscle,  as  well  as  free  collections  of  fluid  and 
gas.  Intravenous  injection  into  rabbits  and  guinea-pigs  is  followed  by 
the  formation  of  gas  in  the  internal  organs. 

Gas-phlegmon  in  man  occurs  most  frequently  after  severe  injuries, 
for  example,  compound  and  complicated  fractures,  but  may  also  proceed 
from  small  wounds.  The  bacillus  is  found  at  times  in  company  with 
other  bacteria,  pus-cocci,  colon-bacilli ;  at  other  times  alone  and  may  be 
present  in  foci  in  great  numbei-s.  In  pure  infections  there  occurs  a  pro- 
duction of  gtLS  associated  with  liquefaction  of  the  tissue,  particularly  of 
the  muscles  and  of  the  reticular  connective  tissue. 

It  ib  probable  that  this  bacillus  is  identical  with  one  described  by 
Ernst,  Welch,  and  Xuttall  (by  the  latter  as  Bacillm  a'erogenes  capHu- 
laim)  as  the  cause  of  *^ foamy  liver"  {'" Schaumleher ^^)  (Ernst) — that  is, 
with  a  bacillus  which  is  i-egarded  as  the  cause  of  gas-formation  in  the 
human  liver  (Ernst).  The  condition  of  "foamy  organs '*  (Schautnorgane) 
l)rob4ibly  arises  (Fnienkel)  from  the  fact  that  the  bacillus  in  question 
^ains  an  entrance  l)efore  death  into  the  tissues,  into  the  liver  in  particu- 
lar. Fraenkel  has  obtained  his  gas-bacillus  in  pure  cultures  from  foamy 
organs. 

Besides  Fraenkel's  gas-bacillus  other  bacteria  can  cause  changes  cor- 
responding to  those  of  gas-phlegmon  and  foamy  organs,  especially  lus  the 
result  of  a  localization  in  an  already  infected  inflamed  tissue  (lactic-acid- 
lacilli,  proteus  vulg5iris,  and  colon -Iwicilli). 
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FKJ.  4.M>.-BHi'tllus  pneii- 
mi  in  liv    ( FritMj  1  iiudt^T  > .      » r . 

with  jreiuitlnouM  aiii!»Lil«>;  ?i, 

/   Hi  Ml. 


Sandler:   Gasplilegnione  und  Schaumorpane,     Cbl.  f.  a.  Path.,  xiiL»  1902. 

Stolz:  Gsisphle^rjiiorif.     Beifr.  v.  Brimn.  33  Bd..  1902  (Lit.). 

Welch  ami  Nuttall:    J^tlms  Hojikiiis  Hospital  Bull.  1S92. 

WeJitenlioefrer;    S<  ImmnonJ^ane  und  Cian^tnc  foudroyaiitc.     V.  A..  168  Bd,,  1902» 

§  16t>.  Tht*  Bacillus  prteumoniie(Friedhiiider)  is  a  plump,  iioii- motile 
bacilluH  witbntit  rtM^:tdJji,  iil>uut  0.5-1.25  ft  broad  and  OJi-6.0  ft  loii^.  It 
tonus  no  spon-s  (l*"ig.  45*>).  Il  l>eluii«^st()  thef^roup  known  iuscapsulated 
bacilli  i-liaraftrri/e*!  by  tltt3  fMrmatinii  uf  a  wtdl-detined  mueoiis  eap.suli'. 
It  is  easily  f^tain*^d  with  aniline  dyes,  Inti  is  deeolurized  by  Grain's.  It 
^rows  easily  OH  the  usual  nutrient  media,  under  liotli 
aerobie  and  sinaerohic  conditions,  and  does  not  Iktiiefy 
^elalin,  Stal>  cultures  in  nutrient  gelatin  show  the 
Torrn  of  the  so-eallvd  naibcullure  (Fi;;.  4UtO,  in  that 
the  baeleria  growing  over  the  slab  eanal  form  a  white 
mass  ii(  bueilli  similar  to  a  oaibbead. 

White  uiiee  and  ^nnuea-pi^s  are  especially  suscep- 
tible to  the  bacillus.  The  tirst  natuiMl  die  within  six- 
teen to  forty-eight  htairs  after  snlH-iitaiu^ous  inoeu- 
latiiui.  The  point  of  inoculation  antl  the  regioiial 
lyijildi'glamls  are  irdlarneil  and  contain  encapsulated 
bacilli,  and  ttic  latter  are  found  also  in  the  blood. 
Hafibilsare  almost  immune  to  inoculation, 

Friedlander   and   Frobeiiius,    who  fimt   deserilMnl 

thebacilhis(!8.^2),  Lielieved  that 

it  was  the  most  fre*pient  eaus*^ 

of  croujiouH  piuHimonia,   a  view 

that   nuiy   be    explained    by  its 

eonfusion  with  the,  at  that  time 

un  k  n  i> w  1 1 ,  Dipioromispu ru  m  tm  iw. 

It  is  iiow  lecoguized  that  it  is  l>ut 

relatively    rarely    the  cause    of 

this  diseiise  fat*efU'diug  tc>  Weich- 

selbaum,  in  about  six  per  cent  of 

eases,  aeconbngtoHoid,  in  eight 

to  ten  j»er  ceid);  Imt  it  may 
cause  focal  pneumouia,  plcuritis,  pericarditis,  pharyn- 
g i t i s ,  r h i 1 1  i t i s,  ot i t i s n i ed i w ,  a n d  i n e n i n g i t i s .  In  s<* \ e re 
iofectit»ns  it  can  also  pass  into  tlie  blood  and  S4*t  up 
nn^tastases.  In  I  hi*  inllammatoi'y  exudates  the  ba- 
cilli are  fiuind  in  the  form  of  nnis  ami  short  oval  cells 
siirrouuded  bv  capsules,  often  forming  chains  (Fig. 
459). 

CftpmtJe-haciJli  similar  to  the  pneumonia  Ivacilhis^are 
often  found  in  the  chronic  intianimation  of  the  nasid 
mucosa  knowji  as  oc(f??//,  \vhi<'li  is  cluracterijied  by 
a  foul-smelling  s^.'cretion  iind  the  foiimdion  <d'  scabs; 
tH K I  t  h e \'  h a \  e  I k^c 1 1  d e m o 1 1 st  i  at e 1 1  ; d si >  i  1 1  Ht in thwh' rmnn 
(see  below K  and  it  ha.s  bei'ti  assumed  thai  they  stand 
in  caiisiil  relation  to  these  diseiises,  but  this  rcnuiins  to  lie  determined. 


Fig.  4fln.— KHlI^thw 
s  t  (I  b-c  Li  1 1  u  r  f«   ot  tli 
FrifHliaruior  pnetiitionU 
barlllus  In  jrvluth 


Arcf>r«lfDg  to  Fiirlr  the  hHcterium  of  Ki'iidlifrnfer  is  the  chief  repre«etitative  of  s 
proup  of  bacteria  whkli  are  c hissed  tugeUnT  luidrr  llie  naiue  BuriUHH  niuojirun  raivfu- 
ititK,H,  and  repreHt'iU  varieties  of  a  single  s|>eeie-s      Ttie  tisi^ion-fungus  dcscrilied  «s*  the 
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ozsna-bacillus  is  identical  with  tlie  pneumonia-bacillus,  probably  also  the  bacillus  from 
the  milk-faeces  of  nurslings  described  as  the  Bacterium 'Uxctis  airogenes  (EneheHch).  It 
is  possible  that  a  greater  etiological  significance  may  be  attached  to  it  in  so  far  as  the 
origin  of  many  diarrhoeas  is  concerned. 
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Friedlander:  Pneumoniekokken.  Virch.  Arch.,  87  Bd.,  1882:  Fortschr.  d.  Med., 
i..l883. 

GrimDert:   Pneumobaciile  de  Friedlftnder.     Ann.  de  I'Inst.  Pasteur,  1896. 

Sachs:  Durcli  Pneumoniebacillen  verursachte  Erkrankungen  (Prostatitis,  Endocar- 
ditis, Meningitis,  Nephritis).     Z.  f.  Heilk.,  xxiii.,  1902. 

▼.  StUhlem:   Bedcutung  des  Bac.  pneumonise.     C.  f.  Bakt.  Orig.,  xxxvi.,  1904. 

Weicliselbauxn:  L.  c,  §  153;  Von  einer  Otitis  media  suppurativa  ausgihende,  durch 
den  Bacillus  pneumoniae  bedingte  AUgemeininfection.  Monatsschr.  f.  Ohrenheilk., 
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Wilde:  Ueber  d.  Bacillus  Friedlftnder.    Cbl.  f.  Bakt.,  xx.,  1896. 

§  167.  As  the  Influenza-bacillus  (Fig.  461j  there  was  described  by 
R.  Pfeiflfer,  in  the  year  1892,  a  bacillus  whose  occurrence  in  influenza 
has  been  many  times  confirmed;  it  is  now  regarded  as  the  cause  of  influ- 
enza. In  individuals  suffering  from  influenza  it  is  found  in  the  catarrh- 
ally  affected  respii'atory  passages,  occasionally  also  in  the  lungs;  and  the 
small  bronchi  may  contain  enormous  numbers  of  the  bacilli  in  pyre  cul- 
ture. It  is  assumed  that  their  multiplication  in  the  respiratory  tract 
gives  rise  to  the  inflammation,  and  that  the  bacilli  produce  poisons, 
which,  when  absorbed,  cause  the  symptoms  characteristic  of  influenza. 
The  bacilli  may  also  pass  into  the  blood  and  become  spread  throughout 
the  body.  The  inflammatory  changes  of  internal  organs  occurring  during 
influenza  are  to  be  referred  in  part  to  the  influenza-bacillus,  in  part  to 
the  poisons  produced  by  them,  and  in  part  to  secondary  infections. 

The  influenza-bacilli  are  very  small,  thin  rods  with  rounded  ends 
(Fig.  461),  which  lie  separate  or  joined  together  in  twos.     They  stain 
with  the  ordinary  aniline  dyes,  but  not  by  Gram's  method.     They  may 
be  cultivated  at  the  body-temperature  upon  blood-agar  or  upon  agar  that 
has  been  smeared  with  human  or  pigeon  blood 
or  to  which  milk  hits  been  added.     They  form         ^  ^^    ^.    •'  »^^^ 
upon  this  medium  small,  drop-like  colonies  as        5^i  ^'^'^m    ^K' 
clear  as    water.     Acconling  to  Ghon  and    v.        %*^B^''^  ^PT'Jt 

Preiss,  the  nutrient  medium  must  cont^iin  al-       JI^P^^i^      ^*f^^^ 
bumin.     Spore-formation  has  not  been  observed.        *•  '^*'*/^k  ''V  ^' 
In  apes  a  catarrhal  inflammation  of  the  respini-       ^^ '/    ]^Hnx^  ^'^ 
tory  tract  may  be  pro<luced  by  intnitnicheal  in-        f**!^  %  ^^^J^^4^ 
jections  of  pure  cultures.  Rabbits  may  be  poi-  "  ••/-'^     *• 

soned    through    the    incorpomtion    into    their       fio.    4«i.-  inouenza-iiariiii 


bodies  of  cultures;  and  are  affected  in  cousc*-     ti?m  ffii"ffi"**x^,ooo!"  ***"" 
quence  by  a  paralytic  weakening  of  the  muscles 

and  dy8pna?a.     According  to  Cantani,  the  poison  produced  by  the  bacilli 
exerts  its  effects  particularly  upon  tlie  central  nervous  system. 


\ 
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According  to  investigations  by  CzapUwaki  and  Henael  {**  Bakteriolog.  Untersuch. 
illyer  Keuchhusten,"Cen/r6/.  /.  BaJu.,  xxii.,  1897)  and  Koplik  C'Die  Bakteriologie  des 
Keuchhustens,"  Centralbl.  /.  Bakt.,  xxii.,  1897).  there  is  found  in  the  respiratory  tract 
in  whooping-cough  a  small,  non-motile  bacillus  similar  to  the  influenza-bacillus, 
which  is  thought  to  be  the  cause  of  whooping-cough.  LuzzcUto  ("  Zur  Aetiol.  des 
Keuchhustens,"  Centralbl.  /.  Bakt.,  xxvii.,  1900)  found  in  cases  of  whooping-cough 
two  baciUi,  but  was  unable  to  determine  with  certainty  their  pathogenic  significance. 
Jockmann  and  Krauze  ("Aetiol.  des  Keuchhustens,"  Zeit,  /.  Hyg.,  36  Bd.,  1901;  Bd. 
44,  1903)  found  in  whooping-cough  a  bacillus  resembling  the  influenza-bacillus  {Bacil- 
lits  pertussis f  Eppendorf);  this  could  be  cultivated  upon  media  containing  htemo- 
globin;  they  regard  it  as  the  cause  of  whooping-cough.  Their  bacillus  is  not  identical 
with  the  one  described  by  Czaplewski  and  Hensel,  and  later  also  bv  Reyhcr  (Jahrb.  f. 
Kinderheilk..  58  Hd.,  1903). 
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J^  lOS.  The  Bacillus  diphtherias  (Fij^.  402)  was  firat  thoroughly 
studied  by  LoIIUt;  it  is  found  iu  the  croupous  membrane  oceurring  in 
diphtheria,  and  is  regarded  as  the  cause  of  this  diseiuse.  In  the  internal 
organs,  as  the  sj)leen  and  lymph-glands,  it  is  either  entirely  absent  or 
present  in  such  slight  numbei-s  that  it  can  be  demonstrated  only  by 
methods  of  cultivation. 

The  bacilli  are  1.5-3  /<  long,  and  are  often  somewhat  swollen  at  the 
ends.  In  cultures  they  form  rods  of  varying  length  (Fig.  462),  the  ends 
of  which  are  often  clubl>ed  or  pointed.  When  stuinedthe  bacilli  ap]H'ar 
s]>otted  or  granular.  They  stain  best  in  a  staining -solution  composed  of 
.SO  c.c.  of  concentrated  alcoholic  methylene-blue  solution  in  100  c.c.  of 
0.0001  percent.  ])otassium  hydroxide  solution,  after  which  the  sections 
are  treated  for  a  few  sc^conds  in  a  0.5 -percent,  solution  of  acetic  acid 
and  then  with  alcohol.  In  stained  pre])arations  the  bacilli  often  appear 
s(»gniented.  Thoy  also  stain  by  (Jram's  method,  provided  the  treatment 
with  LngoFs  solution  and  alcohol  is  of  brief  duration. 

Diphtheria  bacilli  grow  b<^st  in  the  presence  of  air  (Loffler)  on  a  mix- 
ture of  three  i)arts  of  calf's  or  sheep's  serum,  and  one  part  of  neutralized 
veal-bouillon,  to  which  one  per  cent,  of  peptone,  one  \Miv  cent,  of  grape- 
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<i!p^r.  and  0,5  ]>er  ceTit.  uf  eoiniiMm  Siilt  an*  added;  or  upou  bloml -serum 
4nd  upir-a^ai"  with  an  atlditiou  of  ten  jK*r  criit.  }^lyr(*i'iis  ur  of  su^^ur-riJii' 
taiiiinji  Ixminoii  (Kolisko,  PaUauf,  Kita^-Niito). 
Ttu\v  Unin  i^ray ish-whh^  culoiiies.  Foi*  their  de- 
velopment tiiey  iiei»il  a  ti^mpemtuie  abovf  HO  <\  ; 
they  j!frow  best  at  ;J3''"37''  il  Thvy  are  re^^istaut 
to  dryiiip:;  but  may  be  (puekly  kilJ(*d  by  moist 
heat-     SjuHenirmatiou  has  not  iH^eo  obser^'ed. 

(luinrti  pii/H  inttnifittf'd  mibruiiUWoHHly  with  rid- 
1 11  res  of  diphtheria-baeilli  die  in  two  bi  three  days 
( [j<>fller,  lionx,  Versiii ) ;  whitish  deposits  and  a 
htejaorrlia«,ne  redrvina  are  found  at  tlie  point  of  the 
inneulation.  The  inoenlat  ion -area  eun tains  b:y*illi, 
the  internal  organs,  on  the  eontrary,  are  free.  The 
iHtimhicthm  of  cttltitrf.s  iitttf  ihv  opened  tmchea  *>f 
rabbits,  ehiekens,  and  pij^eous,  as  well  as  tlie  huM*- 
Hhitioa  of  the  vnnjuiwUra  of  rtrbhits  mnl  the  vtit/ttuf  of  f^ithiea  pujH  is  followed 
l)y  an  inOauunatiun  witli  the  formation  of  a  itseudotnemhraii**,  Sliei*p, 
hoi-ses,  (*ats,  diij^s,  eows,  rabbits,  anil  pig4'ons  aie  susi'eptible  to  stibeu- 
tnneons  imM-ulation.     Hats  and  white  niiee  are  nearly  immune. 

Koux,  Yei-sin,  LnfflfM\  Hpronek,  and  i*t he rsol )ser\ed  the  later  appear* 
uiee  of  paralysis  in  yiipenns  and  i^^uinea-iiij^s  surviving  the  int*enhition* 
lionx  and  Yt^rsin  ass^Tt  that  tin*  intra\  enous  injeetiou  <if  lilteied  bouilbui 
;*ultnresfrtTfrom  iKU'teria  will  eause  in  guinea- j)if^s and  rabbits  after  two 
to  tliri^e  (lays  a  severe  illuess  ehanieterized  liy  paralysis  and  fatal  termi- 
natiinL 

The  virulence  of  the  eultnres  varies  greatly,  Oiplitheria  baeilli  pru- 
liH^e  io  the  human  IkmIv  and  also  tu  enUnres  toxins^  wbiel*  uuiy  be  pre- 
I'ipitated  l*y  alcohol  ami  (vbtaineil  its  a  whitish  powder. 

Water-solutions  of  the  pois*ni  injeeted  suhrutaueously  into  animals 
:*aus4*  h>eai  tissue  iieeiosis,  hieuiorrluigie  o'deina,  and  inOauimation  ;  when 
taken  ufj  into  tlu^  liody-Juifes  they  gi\e  risi^  to  pleural  effusions,  nephri- 
tis, fatty  dt^gi'ueration  of  the  liver,  and  paralysis. 

Diphtheria  in  man  is  ehanieterized  by  an  iiitlanvmalion  involving  usu- 
illy  the  mutMius  membrane  of  the  pharynx,  puhde,  arch  of  the  palate, 
nid  upper  resfjinitiny  passjiges.  It  appeal's  as  a  febrife  infedkmH  din- 
WHe  osxnekttf'fi  irith  mfmptouts  ttf  inkhrieation  and  gives  rise  to  loeal  eroHpom 
'ntdfd'tom,  in  par*  also  to  dijrhilieritie  sloughings  (cf.  §  JH,  Figs,  10I>, 
ioo).  The  eroupous  meinbranes  eoustitute  tlie  mt^st  striking  feature  of 
lie  ilisease;  they  are  found  in  Ihe  thn*at  and  nose  nsnally  iu  the  form  of 
ireumserilHMl  flat  patehes,  ninre  rarely  nniforndy  spread  i»ver  larger 
Tf4is;  or,  on  the  other  hand,  tiniy  uiay  form  a  eontinnons  layer  lining 
be  laryrLX  ami  Iraehea,  or  even  the  1>rouehi,  Beneath  the  erouptnis 
leinhrane  the  e^ntheliutn  is  for  the  greatei"  part  hist;  and  the  eonnetii^i* 
SK lie  of  the  mueosji  is  iiypenemie,  inliltratinl,  and  swollen  (Fig.  J9t*). 
t  Mevere  eas4*s  tin*  suiierlieial  layers  of  the  eouuec-tive tissue  are  neert^tu* 
ji/ju-es,  nnist  frequently  iu  the  tonsils,  whieh  are  more  or  less,  often 
ir*ketll_\,  swollen.  Of  the  deeper  tissues  the  neighboring  eervieal 
M^^h-tfhuftlfi  in  |iai'tieular  are  swollen,  antl  often  slunv,  when  examined 
fi'f*s<*oiiieally,  small  foei  of  ni'erosis  an*!  degen(*ration.  Of  the  inter- 
«*rgans  the  kidneys  esjH'eially  arr  aeenstiuned  to  showehanges,  in  the 
«*J  of  a  unire  or  less  severe  laity  degeiieniti«ni  of  thi»  ei>itlielinui  and 
^ 'i^  eells  of  the  eaidllary  walls;  not  infreqm*utly  the}'  als*>  presiMii 
'liiigH  and    t*oeal    areas  of  small  eelled  iutiltration.     Iu  the  spleen 
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there  are  frequently  found  areas  of  degeneration  in  the  white-appearin*? 
follicles,  in  which  the  cells  are  more  or  less  necrosed,  in  part  disinte- 
grated and  have  lost  their  nuclei.  In  the  blood  many  of  the  leucocytes 
show  fatty  degeneration.  Degenerative  changes  and  areas  of  inflamma- 
tion are  not  infrequently  found  in  the  heart-muscle.  Paralyses  are 
caused  by  degeneration  and  necrosis  (Katz)  of  the  ganglion-cells  of  the 
medulla  oblongata  and  of  the  spinal  cord  and  of  the  eorre8i)onding 
nerves. 

The  lungs  are  not  demonstrably  changed  by  the  diphtheria  i>oison, 
but  bronchopneumonia,  due  to  the  aspiration  of  irritating  bronchial 
contents  or  to  an  extension  of  the  bronchial  inflammation  to  the  respi- 
ratory parenchyma,  is  of  fi'equent  occurrence. 

The  local  inflammations  of  the  mucous  membranes  as  well  as  the  symp- 
totns  of  intoxication  unaij  he  caused  by  the  diphtheria  bacilli  and  their  toxins 
alone ;  but  it  must  be  noted  that  streptococci  are  almost  r^ularly  pres- 
ent in  the  diseased  ai*ea,   and  that  a  pure  streptococcus  infection   may 
present  the  clinical  and  anatomical  pictui-e  of  a  ^^ diphtheria. ^^    Wher 
both  bacteria  are  present  the  injurious  effect  of  one  may  be  supple- 
mented  by  that  of  the  other,  and  the  presence  of  streptococci  appears  t« 
increase  the  virulence  of  the  bacilli.     In  severe  forms  of  diphtheriss- 
streptococci  are  usually  present  in  great  numbers;  yet  every  streptoco< 
cus  infection  does  not  warmnt  a  bad  i)rognosis,  since  the  virulence  of  tl 
cocci  varies  greatly. 

In  the  course  of  the  infection  with  diphtheria  bacilli  there  arLse  in  tk 
body  antitoxins,  which  nullify  the  poisonous  action  of  the  toxins,  and : 
and  make  possible  recovery  from  the  disease.     The  formation  of  an 
toxins  follows  the  inoculation  of  animals  with  attenuated  bacilli,  a     - 
upon  this  rests  the  possibility  of  obtaining  from  animals  (sheep,  horse^K^s 
that  have  been  repeatedly  inoculated  with  bacilli  of  increasing  vinilen 
a  serum  which  contains  an  antitoxin  of  value  for  therapeutic  pnrpofcsa===5/^ 
(ef.  §  32).  ^^^ 

Lehmann  and  Neumann  call  the  diDhtheria-bacillus  corynthaeterium  on  account  ^f 

the  club-shaped  appearance  of  the  rods.  Since  the  bacilu  can  aLso  form  branch r^  m" -^ .j 
threads  in  cimures,  tney  class  it  with  tlie  hyphomycetes,  amone  which  the  tubercle-bac— =zl^  i\- 
lus  and  the  fungus  of  actinomyces  (odspora)  are  also  clasaedby  them  and  others. 

Ehrlich  distinguislies  diflferent  kinds  of  poisons  produced  by  the  diphtheria-bac  :v\- 

lus,  namely,  toxins  and  toxons,  these  again  representing  no  bodies  of  definite  unity,  b»    ^   "      >v^^ 
breaking  up  into  several  subdivisions  (prototoxin,  deuterotc;xin,  and  tritotoxin)  whirz^   ^^^\^ 
are  distinguished  by  the  different  degrees  of  avidity  with  which  they  unite  ^ith  tl.  9       __n 
antitoxin.     The  toxin  pro<luces  the  typical  picture  of  the  disease,  while  the  toxo^-^^^ ^:r'^^i!^). 
causes  the  after-symptoms,  marasmus  and  pareses.     The  toxon  shows  a  less  affinity  "^  ^"" 
for  the  antitoxin.  '    ^^^     -:^t\\e 

As  a  lethal  dose  of  the  diphtheria  poison  Ehrlich  designates  that  amoimt  of  th»  ^"^^  jor 

poison  which  is  sufficient  to  kill  in  4-5  days  a  guinea-pig  weighing  250  gni.     As  a  nor""^  ^  ^  ^^nx 
mal  poison  von  Behring  designates  a  solution  of  the  poison  which  contains  one  hun  ^  *?L  t> 

dred  lethal  doses  per  c.c.     A  simple  healing  serum  or  a  unit  of  the  antitoxin,  that  w-*"*^     ^  ^i: 
one  immunity  unit  (I.-E.)  is  one,  1  c.c.  of  which  will  neutralize  1  c.c.  of  the  normal -^^^ 
poison. 

According  to  Loffler,  ran  Hoffmann,  Roux,   Yersin,  Babes,  and  others  there  ar 
very  frequently  present  in  the  mouth  and  throat  bacilli,  which  are  often  designateifr^^ 
pseudo-diphtheria  bacilli.     These  resemble  the  true  bacilli  of  diphtheria  and  can  be 
distinguished  from  them  onlv  in  cultures.     Since  the  diphtheria-baciUi  can  lose  thein 
virulence,  it  is  not  impossible  {R)ux.  Yersin)  that  both  bacilli  represent  varieties  of 
the  same  species.     Ijeivmui  nrsky  distinguishes  four  forms  as  belonging  to  the  group 
of  corynebacteria :    Corijnebacterium  commune  {B.  pseudo^iphthericum),  C.  diphtheritB 
C,  conjunctiva  {H.  xcrotds),  C.  pyogenes. 
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§  169.  The  bacillus  of  bubonic  plague  (Bacillus  pestis)  was  dis- 
covered in  1S94  by  Kittisiito  and  Yersin,  of  the  Japanese  and  French  com- 
mission, while  investigating  an  epidemic  whiclibad  broken  out  iu  Hong- 
Kong.  The  pest-bacillus  is  a  small  rod  witii  rounded  ends  (resembling 
the  bacillus  of  cliicken-cholera).  It  stains  easily  with  aniline  dyes,  es- 
pecially well  with  methylene-bliie,  and  in  part  shows  an  exquisite  polar 
staining  (Fig.  4G3).  It  is  decolorized  by  Gram's  method.  It  is  found 
in  all  cases  of  plague,  in  especial  abundance  in  the  swollen  lymph-glands, 
but  also  in  the  spleen  and  blood.  It  may  be  cultivated  upon  the  varioiu* 
media,  and  forms  bluish-gray  colonies,  which  contain  rods  of  various 
lengths.  It  multiplies  abundantly  in  bouillon  contjiining  sugar,  and 
forms  toxins.  Independent  movements  have  not  been  observed.  Sx>oreft 
are  not  formed.  The  bjicilli  are  easily  killed  by  warming,  but  are  able 
to  withstand  drying  well. 

Tim  bubonic  plague,  which  destroyed  great  numbers  of  the  iuhabitaDtHS 

of  Europe,  at  the  close  of  the  seventeenth  and  begiiming  of  the  eigh- 

teenth  centuries  (*^ Black  Death"),  has  since  1720  almost  disapjXMirec^M 

from  Europe  and  has  shown  itself  only  here  and  therein  Eastern  Europe 

In  different  countries  of  Asia  (Yunnan  in  China,  Arabia,  Mesoi>otamia)^^ 
and  in  the  interior  of  Afri«i  (Koch)  the  disease  seems  to  be  endemic,Kr 
and  spreads  from  time  to  time  in  the  same  manner  as  cholera. 

Man  is  infected  usually  through  the  skin,  more  rarely  from  the  mu-  J 
cons  membrane  of  the  mouth,  nose,  throat,  and  conjunctiva,  still  morr^^ — "^  ^ 
mrely  from  the  deei)er  parts  of  the  respiratory  tract,  although  cas(\s  or  -^^^^  ^^ 
primary  p(\st-bronchitis  and  pest-pneumonia  occur.  Small  wounds  usu-  ^  -^  "' 
ally  form  the  avenue  of  entrance  in  the  skin,  but  it  appears  (Albrech^'  ^«^  ^^^ 
and  Ghon)  that  a  violent  rubbing  of  an  area  of  the  skin  with  infectecF  -^  — 13<1 
fingers  or  clothing  may  be  sufficient  to  bring  about  an  infection. 

The  bacilli  are  taken  up  by  the  lymph-vessels  and  taken  to  thc^  ^  ^^  '^* 
regional  lymph -(iUuhU,  where  they  cause  a  very  marked  swelling  of  the  '^  -^<* 
infected  ghind  or  group  of  glands — the  prhnan/  bubo.  Through  the  in —  -^  ^' 
f<»ction  of  lymph-glands  situated  farther 

along  the  lym])h-system  there  arise  j>W-         v    \  ^  /»  j^   V     V^  /v^       ^^  ^ 
man/  buboes  of  the  second  class,  and  by  ^     ^j  -sj*      A  .•      ^ 

metastasis    through     the     blood-stream         I     ^gg\^^     -       J^••l*'^'• 
sfcoudan/ buboes  iiT.'.  formed.     The  plague         \^  u^^9^^^<^    U 

is  thus  characterized  in  the  first  place  by         ^      Kl^  **  ^^       %** 
an  acufe  polyadenitis.     Since  the  poisons  **V#**  ***!•      ^      *^** 

which  are  in  association  with  the  bodies        *  <  ^i»     '^^       j     % 

of  the  post -bacilli  exert  a  degenerative       9\    ^    %,       aT/       *♦  nV 
and  necrotic  effect  u]>on  the  vessel-walls,  ^**^   mjf    ^.^  ^     i5n 

numerous  hamorrhages  are  also  caused,       ^^    ^    ♦'"C***     ^—  *^ 
and  these  are  absent  only  in  rare  cases.     .  "*  ^  S^     ^ 

To  these  changes  there  are  also  adiUnl      »'»«•  ^^s.-Piwe  baciiu  (fucusin).  x  sm 
circumscribed  foci  in  the  spleen,  liver, 
kidneys,  lungs,  skin,  etc.     With  the  exception,  therefoix*,  of  thosi*  csises 
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ill  which  tlu*  iM»st-iufcctioii  s  confined  to  the  primary  bubo,  the  disease 
is  to  be  regarded  as  a  general  infection  ( Albrecht  and  Ghon),  which  arises 
from  the  t^king-iip  oi  bacteria  from  a  primary  focus  of  infection,  and 
runs  its  course  with  the  clinical  picture  of  a  polyadenitis  and  a  severe 
hwmorrhagic  Heptlcwmia. 

The  individual  foci  are  characterized  by  tissue  neerases  of  the  nature 
of  coagulation-necrosis  (Albrecht  and  Ghon),  as  well  as  by  severe  exuda- 
tumSy  influmviation,  and  hannorrhage,  and  are  caused  by  the  presence  of 
extraordinarily  large  numbers  of  bacilli.  The  lymph-glands  of  the  pri- 
mary bubo  show  either  wholly  or  for  the  chief  part  the  appearance  of 
hemorrhagic  infarction,  and  are  swollen  and  of  a  medullary  consistence. 
After  the  course  of  a  few  days  they  also  show  yellow  necrotic  areas  which 
later  undergo  liquefaction.  When  the  disease  has  lasted  longer  than  six 
days,  the  liquefaction  of  the  lymph-glands  may  take  on  the  character  of 
a  suppuration. 

The  tissues  in  the  neighborhood  of  the  lymph-gland  are  always  more 
or  less  oedi-imatously  swollen,  infiltrated  with  blood;  and  hfemorrhages 
are  also  found  in  the  walls  of  the  neighboring  large  veins. 

The  secondary  inflammations  of  the  lymph-glands  and  of  the  lymph- 
adenoid  tissue  of  the  mouth  and  throat  do  not  usually  cause  such  a 
marked  degree  of  swelling  as  do  the  primary ;  they  resemble  the  medul- 
lary swelling  occurring  in  typhoid  fever.  The  surrounding  tissues  are 
also  less  changed,  but  if  the  procejss  be  jn-olonged  the  picture  comes  to 
resemble  that  of  the  i)rimary  bubo<»s. 

The  spleen  of  phigue-patients  is  somewhat  swollen,  dark  red,  finely 
granular,  shagreened  (Albrecht  and  Ghon),  and  often  contains  small 
necrotic  foci,  whicli  are  caused  by  the  development  of  the  bacilli  in  great 
numbers. 

In  the  glandular  organs  and  in  the  skin,  there  occur,  besides  haemor- 
rhages, also  necrotic  areas  and  exudative  inflammations,  all  due  to  the 
presence  of  bacilli.  In  the  lungs  there  may  occur,  in  iuldition  to  the 
primary  pest-bronchopnenmonia,  secondary  metastatic  focal  inflamma- 
tions and  aspiration-brouchopneumonias. 

The  majority  of  individuals  infected  with  pest  die  within  the  first 
fight  days,  but  others  may  live  several  weeks  and  then  die  of  maras- 
mus. 

Not  infrequently  secondary  infections,  particularly  of  streptococci  and 
diplococci,  are  associated  with  the  pest-infection.  They  arise  chiefly  in 
the  tonsils  and  follicular  glands  of  the  tongue  following  the  changes 
caused  by  the  pest-bacilli  (Albrecht  and  Ghon). 

Among  aninuds,  rats,  mice,  apes,  and  cats  are  especially  susceptible  to 
pest;  and  in  these,  particularly  in  rats,  spontaneous  infections  occur,  so 
that  they  may  aid  in  the  spread  of  epidemics.  Swine  and  dogs  are  less 
j^nsceptible,  birds  still  less  so. 

The  changes  in  infected  animals  agree  in  geueml  with  those  observed 
in  man.  The  infection  may  remain  local  or  become  general.  After  the 
lymphadenitis  and  the  multiple  haemorrhages  thei^e  arise  also  miliary, 
tubercle-like  foci  in  the  spleen,  liver,  and  lungs.  The  course  is  usually 
Hcnte,  rarely  chronic.  In  the  latter  case  the  larger  necrotic  foci  may  be 
<)ncai>snlated  by  connective  tissue.  The  animals  ai-e  easily  infected  from 
the  skin,  as  well  jus  from  the  mucous  membranes  of  the  intestinal  and 
respiratory  tracts;  and  such  infection  may  take  place  from  an  uninjured 
nmcous  membrane.  The  inoculation  of  one  mouse  confined  in  a  cage 
with  other  mice  may  give  rise  to  a  csige-epideniic  (Schottelius). 
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Attempts  to  immunue  animals  and  man  against  pent  by  means  of  dead  and  attenuated 
pent-baciUi  liave  been  many  times  carried  out,  especially  by  Terstn,  Hajfldn,  and  //«*- 
tig  ;  and  have  been  successful  in  so  far  that  rodents,  horses,  and  apes  have  been  ren- 
dered immune  against  inoculations  otherwise  fatal.  According  to  the  reports  of  such 
attempts  in  man.  a  smaller  per  cent,  of  inoculated  individuals  acquire  the  disease  than 
of  those  not  inoculated ;  but  doubt  is  thrown  upon  the  results  of  these  inoculations  by 
other  authors  {Bitter).  Further,  attempts  at  immunization  and  healing  haw  been  made 
ill  man,  with  the  serum  of  animals  which  have  been  rendered  immune,  particularly  of 
horses  ( Yersin,  Lvstig) ;  and  different  authors  ascribe  to  such  serum  a  favorable  influ- 
ence. 

Siirker  ditferentiates  the  following  forms  of  pest  acconling  to  the  first  localization 
of  the  bacilli:  (1)  Bub<mic  plague  (the  most  common  form);  (2)  the  cutaneous  form 
(formation  of  vesic^lcs  and  ulcers  or  furuncle-like  inflammations);  (3)  the  pulmonary 
form ;  (4)  the  intestinal  form. 

Through  the  investigations  of  Ducrey,  Krefting,  and  Petersen  (cf.  Petersen,  "  Ulcus 
Mollc,"  Arch.  /.  Derm.,  xxix.,  1894;  xxx.,  1895,  and  Babes,  '*  Handbuch  d.  pathog.  Mi- 
kroorg.,"  iii.,  1903)  it  is  probable  tliat  the  ulcus  molle  or  soft  chancre  is  caused  by  a 
bacillus.  Tomasczexpski  ("  Der  Erreger  des  Ulcus,"  Z.  /.  liyg.,  42  Bd.,  1903)  has  demon- 
strated through  self-inoculation  that  a  typical  ulcus  molle  can  be  produced  with  cultures 
grown  upon  blood-agar  or  blood.  The  bacillus  is  non-motile,  does  not  stain  with  Gram's, 
and  often  forms  chains.  (See  ako  ''Observations  on  the  Distribution  and  Culture  of 
the  Chancroid  Bacillus,"  by  Davis,  Jour,  of  Med,  Res.,  1902). 

Some  years  ago  Sanarelll  (''Sur  la  fidvre  jaune,"  Ann.  de  VInst.  Pasteur,  1897; 
Cent.  f.  Bakt.,  xii.)  described  as  the  cause  of  yellow  fever  a  baciUus  whose  proper- 
ties he  sought  to  determine  by  means  of  culture-ex{)criments  and  animal-inoculations. 
He  is  still  of  the  opinion  that  his  Bacillus  icteroides  is  the  cause  of  yellow  fever  ("Zur 
Lehre  vom  gvlben  Fielx^r,"  Cbl,  f.  Bakl.,  xxvii.,  1900),  and  reports  favorably  of  the 
protective  and  curative  effects  ('*  Exp^r.  sur  Temploi  du  s^rum  curatif  et  pp6ventif 
de  la  fi^vre  jaune,"  Ann.  de  VInst.  Pasteur,  1898;  of  liis  serum  obtained  from  vac- 
cinated animals  (dogs,  horses,  cattle).  Freire  (**  Man.  sur  la  bact^riologie,  pathogenic 
et  traitement  de  la  fidvre  jaune,"  Rio  de  Janeiro,  1898,  Cbl.  f.  Bakt.,  xxvi.)  on  the 
other  hand  opj)oses  energetically  the  correctness  of  Sanarclli's  views,  and  maintains 
that  the  cause  of  yellow  fever  i?  a  coccus  earlier  described  by  him,  which  he  calls  the 
Micrococcus  xanthogenicus.  Bd.idi  (**Aetiologie  und  Pathogenesedes  gelben  Fiebers," 
Z.  f.  Hyg.f  46  Bd.,  1904)  favors  the  pathogenic  significance  of  the  Sanarelli  bacillus. 
It  is  very  probable  that  neither  Sanarelli 's  bacillus  nor  the  coccus  descnbed  by  Freire 
has  any  etiological  relationsliip  to  yellow  fever.  It  is  much  more  likely  that  the  cause 
will  be  found  among  the  protozoa,  since  the  pathogenesis  corresponds  more  to  that  of 
malaria  and  infection  witli  trypanosonies.  (See  tliese.)  Other  writers  iXoty)  sug- 
gest that  the  etiological  agent  of  yellow  fevprniay  be  foimd  to  l^elong  to  the  spirilla. 
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§  170.  The  Bacillus  tuberculosis  is  the  cause  of  the  infectious  disease 
oecurriug  so  frequently  in  man  and  the  domestic  animals  which  is  known 
ordinarily  as  tuberculosis,  but  is  also  sometimes  called  pearl  disease 
{Perlsucht)  in  animals. 

The  tubercle-bacillus  was  discovered  and  thoroughly  studied  by  Eoch 
in  1882.  It  is  a  slender  rod  (Fig.  464"^.  of  1.5-4  /jl  in  length,  and  is 
usually  slightly  curved.  It  may  be  stained  by  aniliue-dyes  (fuchsin, 
gentian-violet)  to  an  aqueous  solution  of  which  an  alkali,  or  carbolic 
acid,  or  aniline  oil  is  added.  The  bacilli  when  once  stained  retain  the 
stain,  even  when  the  preparation  is  decolorized  in  dilute  sulphuric  acid, 
or  nitric  acid,  or  hydrochloric  acid  and  alcohol. 

The  stained  bacilli  not  infrequently  show  in  their  interior  clear,  shin- 
ing, unstained  areas,  or  are  composed  of  little  stained  spherules.  Koch 
formerly  regarded  these  clear  spots  as  spores,  and  this  view  was  generally 
accepted  for  a  long  time.  Nevertheless,  a  germination  of  these  struc- 
tures could  not  be  demonstrated,  and  at  the  present  time  they  are  no 
longer  regarded  as  spores.  Consequently,  the  tubercle-bacilli  form  no 
8i>ecial  resistant  forms,  but  on  the  other  hand  the  bacilli  are  more  resist- 
ant against  external  influences,  for  example,  against  drying,  than  are 
many  other  bacteria. 

The  tubercle-bacilli  may  be  cultivated  at  the  body  temperature  and 
in  the  presence  of  oxygen  upon  coagulated  blood-serum,  blood -serum- 
gelatin,  nutrient  agar,  and  in  bouillon.  They  increase,  however,  very 
slowly,  so  that  only  on  the  seventh  to  tenth  day  or  even  later,  do  the  cul- 
tures become  visible  in  th€|  form  of  dull-white  flakes  resembling  little 
scales.  Larger  cultures  form,  on  the  surface  of  coagulated  blood-serum, 
whitish,  irregularly  shax>ed,  lustreless  deposits.  According  to  Nocard, 
Boux,  and  Bischoff  the  growth  of  the  bacilli  is  greatly  aided  by  the 
addition  of  glycerin  (four  to  eight  per 

cent).     In  cultures  the  tubercle-bacilli        ^         --  "^"^  . 

also  form  threads,  which  in  part  show       \  ^  it  \   "^ 

branching.  ^      ^    v       i         ^^        ^^;^ 

At  temperatures  below  28®  C.   and  ^ » 5 

above  42°  C.  the  growth  of  the  bacilli  \v.^        ^  -\^>;^>. 

ceases.     Sunlight  kills  the  bacilli  in  a   *'^         -^^'^^      J'-j^v.  "-^ 
short  time  (Koch).  ^  -^      v^i^  "^  \'^^    -^ 

If  the  bacilli  from  pure  cultures  are     ^J^  A  -n  \ 

inoculated    into  experimental  animals,     '"z*^-     H       \    ^  ^      ^ 
tuberculosis  is  produced  in  these;  and    '  —    ->   \t       9!^^   ^^-'^ 
the  infection  is  transmitted  as  well  by  _ 

inoculation   under   the  skin,  or   into  the    a  man  suffering  with  pulmomuy  tubercu- 

peritoneal  cavity,  or  the  anterior  cham-  i^Sed  w^S^^S^JT^i!??  ^^^^^ 

ber  of  the  eye,  as  also  by  inhalation  of  x  4oa 

^n  atomized  suspension  of  the  culture, 

by  feeding,  and  by  injection  of  bacilli  into  the  veins.     In  exx)erimental 

feeding  success  is  often  attained  only  after  long  administration  of  the 
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baeiUi,    sinre  not  every  bacillus  praining  entrance  into  tho  intestinal 
tract  leads  to  infeetiou.     It  is  also  true  that  baeiUi  lodging  upon  the  I 
mucous  menibraue  of  the  respiratory  tract  do  not  always  succeed  in  grow- 
ing in  the  tissue.      OiiiMea-pig.s,  rabbits,  cats,  and  gray  field  mice  are 
especially  susceptilde ;  dogs,  rats,  and  white  mice  less  so. 

Infectioti  of  man  atid  of   animals   occurs   from  the  taking  up  of 
tnbercle-bacilli  from  the  lungs,  respiratory  passages,  and  the  intestinal 

tract,  or  from  wuunda , 
and  tissue  -  nice  rat  iona.1 
In  the  alimentary  tract^ 
the  lymphadenoid  ap- 
paratus, tonsils,  and  the 
intestinal  lymph  -  fol* 
licles  form  the  most  fre* 
qnent  avenue  of  en* 
i  r  1 L  nee ,  N  ni'sl  i  ugs  a  re 
part icularly  suscexjiible 
to  intestinal  infection. 
Farther,  a  direct  trans- 
mission of  the  bacilli 
from  the  mother  to  the 
/aim  in  ntem  may  occur > 
init  this  is  rare,  A  niul* 
tiplication  of  tlie  bacilli,' 
that  is,  the  production 
of  tubercnlosis,  occurs 
usually  at  the  points  of 
entrance  of  the  biicilli, 
but  may  also  occur  only 
after  the  tninsportatiou 
of  the  bacilli  tlirougli  the  blood  or  lymph,  so  that  hiematogenous  or 
lymphogenous  disease  of  the  internal  organs,  for  exami>le,  of  the  lyniph-i 
glands,  bones,  brain,  and  tul>es,  may  occur  as  the  primary  local izatiou. 
The  bacilli  am  spread  throughout  the  external  world  chiefly  by  the 


rio.  4(V5.— Tti»H*m1e  fnim  a  tni\\im\%  irrBnuliiUon  of  bon«  (Mliller's 
lliit^t  Blsmank  bn>wu).  a,  tiiaat-celh  t»»  eplttuiUoitl  cells ;  c, 
Ijmpbold  €tills.     X  4411. 


>^^f^. 


<r 


fiO*  IMw-^lUlt-ceQ  POQtatnlii^  barini,  itid  sbowlnf  Qecroflc^  centre,  from   A  tubercle.     BtAln«Ht  wItIS 
ffontiaii- violet  liod  ve^iuvla,  muunted  tn  CaDadn  tMlsain.     >:  350. 


sputa,  under  certain  conditions  also  by  the  fieces  and  urine,  further  from 
tuberculous  ulcers,  or  from  tuberculous  organs  which  are  taken  from 
living  or  dead  persons.  Since  the  l>acilli  are  rather  I'esistant,  they  may 
be  prCxServed  outside  of  the  animal  body  for  a  long  time  under  certain 
conditions,  and  may  become  niixcd  with  the  respii'cd  air*  as  well  as  with 
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re trt^gres^ive  c'Ii;iii^es,     The  foruiiit  Ion  of  the  nodnle  iniiy  be  accompanied 

by  !i  more  or  less  exN^iisivr  iiidiumuatory  exiidulion. 

The  first  effeet  iil"  tlie  (levehipmetit  id"  the  harilli  \n  ii  tissue  is  n  tiMfiue- 

fJegenrmfhfij  iu  whit  h  tlie  tissue-eel  Is  as  well    as  the  eoiineeti^'et  issue 

groin  id -substance  over  a  hu'jier  or 
smaller  area  are  destroyed.  To  the  de- 
generative proeess4*s  there  is  added  then 
oil  the  oue  hand  an  iotlauimatory  exn- 
thitioii — that  is,  nuif/ntiiott  of  hutHmftrn 
itiid  fj/mpfmrtfff'H  -an(l,  i»u  the  otjier  hand, 
^\  pntiffertifhHi  ttf  fhf*  tinHUt'trlls  mnuhiiuff 
prfwrvfd  w  ithia  IIm'  atl'eeted  area  (Fig. 
U\r^,  a).  The  de^nee  td'  the  exudative 
pnM*ess«:s  in  (he  region  (d'  the  nodule 
varies  and  is  depeudent  ujiou  the  uuui* 
Iter  %md  tin*  viruleuee  of  the  bacilli  pres- 
t-nt  in  the  tissue  aini  also  u|><ui  the 
miMh*  of  ijifeetii^n.  Wheu  a  large  uuui- 
lM*r  id'  Ijacilli  arc  iutniduei^d  iato  tlie 
lung  Ihroiigh  the  respiratory  tract  the 
exnilativc  inlhiTnuiatiou  ih  vers  pn»- 
tlir  c:ise  ot"  \\w  iatrodnrl  ion   cd*    l»a<*illi 

into  the  livei'  llirfiugh  ihe  portal  vein. 

The  trftHitfthf  fxtiiifti*  first  appearing  iwi'  vhivf\\  put t/u urt far  hnctpriflrH^ 

hut  later  utttnotntr/far  ItftuplKtnffrs  ttttti  ffucari/trA  predoiirinate.      The  nppenr- 

(littTH  of  prtfii/enttiun  may  Im^  shown  by  the  second  day, 

Tlie  trititktr  ttodtde  which  after  the  courst^  of  a  i\*\v  days  repii*Neiits  the 


knis  firmnnlAtlon  lij^ut*  fak-obipt,  f*»r^hsfn. 
mitJIrii'  ti4tie>.  it,  (iruniiliir,  'i^.  luiiivy<'aH<'- 
oite  ina?^'^  ;  h,  ni«roiH*Hiilkir  lln^iue:  r.  jrliiiil- 
n>U  Willi  Imdili :  tt,  ImvUli  in  <i*IUiliirtiOTin'; 
r,  Iwtlli  III  ne<*h4lc  tissue:  /.  lnv^HH  vn- 
i*Um'f\  til  retlw.     ,•  'Jm. 


h 


less  marked 


Firt. 


i'4>QttiIrjln^  remiilnsor  fuM'^lls;  b,  nbmc'HIuIar  piTJt}lier>' ;  c,  trtiittUfelle;  ci.  tmi  i 


tuVw^rele  at  the  height  of  its  development  shows  usually  three  tyiies  of 
cells — l(trf/r  epifhHituii  rr//«;  icith  vlettr  nnvhi  (Fig.  4tJ5,  /*),  muifhinrlfar 
ghtntitih  (ti),  anil  iffntphm\i/fr>f  (r).    The  tii*st  two  forms  ait*  toniid  particu- 
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the  coutlueuce  of  cells,  but  it  is  also  possible  that  they  arise  throagb  the 
multiplication  of  the  nucleus  iu  a  single  cell.  The  nuclei  lie  usually  in 
the  peripheral  portion  of  the  protoplasmic  mass  (Figs.  465,  a^  and  466) ; 
sometimes  collected  at  one  pole,  sometimes  at  both  poles;  sometimes  ar- 
ranged in  a  wreath  or  in  a  crescent.  They  often  contain  numerous  bacilli 
(Pigs.  466  and  469,  c).  The  non-nucleated  portion  of  the  protoplasm 
may  often  be  lecoguized  to  be  changed,  degenerated,  or  necrotic  because 
of  its  reaction  toward  stains  (Fig.  466). 

Through  the  proliferation  of  the  cells  the  remaining  connective-tissne 
stroma  of  the  original  tissue  is  pushed  farther  and  farther  apart,  so  that 
the  individual  cells  come  finally  to  be  separated  from  one  another  only 
by  scanty  fibres,  whose  general  arrangement  is  in  the  form  of  a  net- 
work, which  is  consequently  called  the  reticulum  of  the  tnberde. 

New  vesneU  are  not  formed  within  the  tubercle;  and  the  old  ves9ds  are 
closed  through  the  proliferation  of  the  vessd-uxiUs.  Usually  the  new-forma- 
tion of  connective  tianue  stops  tcUh  the  production  of  Jihroblasts. 

The  neighborhood  of    the  tubercle  proper  may  show  no  essent 
change,  but  usually  presents  the  api)earance  of  an  inflammation,  partica 
larly  a  small-celled  tissue  infiltration  or  proliferation  (Fig.  467,  a). 

A  serous  exudation  is  also  usually  associated  with  the  cellular  emi 
gratiouy  Q.nd  Jibrin  may  be  formed  both  mtJiinthe  tubercle  itself  {Fig.  468,  ( 
and  in  its  neighborhood  (Fig.  467,  c). 

At  the  height  of  its  development  the  tubercle  forms  a  small,  ^rc^,,-^  ,^^ 
translucent  cellular  nodule^  which  may  reach  the  size  of  a  millet-seed,  a^^^^T?^-^* 
encloses  in  its  tissue  tubercle-bacilli  in  larger  or  smaller  numbers.     Wl^  <^    ""^^ 
it  has  reached  a  certain  size  retrogressive  changes  usually  appear  in       -   -^eu 
centre,  the  tubercle  in  consequence  becoming  cloudy,  opaque,  and  o':^^^^^'^ 
white  or  grayish -white  or  yellmrishtrhite  color — these  changes  being  deg^    ^^.  * 
nated  as  caseation.  ^' 

The  caseation  of  the  tubercle  is  dependent  on  the  one  hand  up(^^^ — 
necrobiosis  of  the  cells,  and  on  the  other  upon  the  deposit  of  coagtUaied  ^9^^^^ 
stances  in  the  spaces  between  the  cells.     The  cell-necrosis  is  character  i____^^ 
by  a  loss  of  the  nuclei  and  a  transformation  of  the  cells  into  luMacrminv 
masses  which  later  disintegrate  and  become  granular  (Fig.  469,  a,^  ^\ 

The  deposit  between  the  cells  consists  either  of  a  network  of  fibrin  (  XZ3r*ig' 
468,  a)  or  of  a  granular  or  hyaline  reticulated  fibrinoid  substance  rr^^  ^m_  mil 
bling  fibrin  but  which  does  not  take  the  Weigert's  fibrin  stain  iii  ^  x  ig 
stained  yellow  by  Van  Gieson's.  In  the  further  course  of  the  pi  nrr  n  i  j  of 
wuseation  the  fibrin  and  fibrinoid  substance  disintegrate  into  a  grai:i^^:z:m.lar 
mass  which  fuses  with  the  cell -detritus,  so  that  the  central  part  of  ^he 

tubercle  consists  of  a  lumpy  granular  mass  (Figs.  469,  a,  471,  a)  iurl:^^^   ich 
takes  a  weak  diffuse  stiiin  with  nuclear  stains. 

The  caseation  affects  at  first  the  centi-al  portion  of  the  tubercle, 
is  usually  confined  to  this,  while  connective  tissue  is  formed  at  the 
iphery,  so  that  the  tubercle  comes  to 'consist  of  a  caseous  centre  (J 
470,  a)  and  nfibrorellular  penpherg  (b)  which  usually  contains  giafd-o- 
Under  certain  conditions  the  caseation  may  involve  the  entire  tuber 
If  the  caseation  does  not  affect  the  periphery,  the  fibrocellular  tissue 
the  peripheral  zone,  sooner  or  later,  becomes  transformed  into  a 
fibrous  tissue^  so  that  a  fibrocaseous  tubercle  (Fig.  471,  a,  b)  is  for 
the  connective  tissue  of  which  is  coarsely  fibrillar  or  hyaline  and  pool 
cells  (b),  and  in  the  course  of  time  usually  becomes  sharply  definedfr 
the  ciuseoiLS  centre  (a),  so  that  the  latter  appears  to  be  encapsulated 
connective  tissn<».     If  the  tul>orcnlosis  runs  a  favorable  course  the 
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tre  itistrnd  of  nis^mliiij^  iii:iy  lujuergo  a  eouiieetive-t issue  inetamurpLo»ih 
(  Fi^.  472,  h,  e,  d),  so  that  tlie  IiUrmtI*^  lnM-uiiirs  f*h;ui|^ed  hito  ;i  fibrous 
ncKluEe. 

TIn'  inffctiofift  futtnte  fif  tljt*  (l[scn«<^  kni»\vii  a.s  tufjitnthmn  \md  n\rviv\\y  been  (lt'k*r- 
tiiiiied  by  Ibe  experiineiitiil  tinusmbsitto  <>f  tubirLiihtsis  tu  liiiiiiitilH  (  Vifhrtiin,  Ld>ert^ 
W^ttg,  Vohnheim,  Kktm,  Liiwf/tuHni.  and  tJlbcTs),  beft^re  ihv  discovery  af  tin*  Uibercle- 
hacillus.  Nevertheless,  it  was  a  long  time  before  the  view  that  tubereulosis  was  au 
infectious  dise^ise  received  |i:en(^nil  aeeeiitimee,  and  opjujsitinn  to  Ibis  view  luift  even  to- 
day not  wholly  disappeared  {Middtinhrp)^ 

The  peeufiar  behiivitir  of  the  tiiberi*le'baA!JlUis  toward  stains — that  ts,  its  property 
of  retiiininjT  the  stain  after  treatnunt.  of  the  iirejmniiioii  with  aeidsanit  akohol.  the  m^ 
ealled  nfid-mui  tdriyfiof  rfMnfuftet' — makes  it  puasible  to  demonstrate  with  nlativeease 
the  presence  of  tuhert'le-kicilli  in  the  siniium  or  in  the  tissues,  and  to  dilferenlbte  it 
from  other  iMidrTia,  It  shotdd  be  noted,  however,  that  other  bacteria  sliow  these  ju'op- 
iTties;  i\w  imrilhin  nf  iepntft//.  l\ie  nfUfymn-^Ntfiflttx  {a  baeilhis  very  freqiieidly  found  on 
the  coroim  ^hindis,  between  the  scrotum  and  thigh  and  in  the  fobls  between  the  hibia 
majoniandniinom),  further  two  diilereut  iufritlt  Jhund  in  ^*«//f^r(nne  described  by  />.  If*d>- 
inowitmh  and  Petri,  the  i^ther  by  AW/0,  and  finally  tdso  dilferent  bacilli  cuUiVated  by 
MiifUer  fro ni  ///  ttsiiej*  <  t i rn o t  h y -gi'ass)  and  from  ri* tr-d ft  h(J,  A  H  t  h ese  ae i d - resi sti a jj  bae i  1  li 
niay  under  certain  conditions  lead  to  errors  of  diag-nosis;  for  exaniide,  the  snn^gma- 
bacillus  in  the  examltuitHnj  of  urine,  the  liiittcr  bni  illi  in  the  examimttjon  of  butter,  the 
hitter  particularly,  since  the  bacillus  described  by  liahinmriitteh,  when  injeeted  int<i  the 
peritoneal  cavity  of  gninea-pigs.  causes  a  disetisc*  of  the  idulonicn  Hinillar  to  tnie  inocu- 
la ttou- tuberculosis,  while  the  liacillns  desc^riVjed  l»y  Ki*rn  muses  a  j^si^udo tuberculosis  in 
white  mice  (these  animals  showing  but  slight  susceptdiility  to  true  tubereulosis  i. 
Acid-fast  bacilli,  which  |>robably  represent  a  vunefy  of  the  Rahinowitseh  butter  bacil- 
lus, have  been  fouml  in  gangrenous  foci  in  the  hmg  {RabintnvitHch)  as  welt  as  in  thr 
wpuluni  of  cases  of  |iulmonnrv  gangn'iie  {Fotli,  MafftTf  Ophah,  Birt  timt  Leifhman). 
Mocili^r  has  found  acid-fant  baciUi  in  nasal  and  pharyiigi*ul  mucus. 

Since  the  tubercle-bacillus  in  cultures  forms  sinnde  antl  branching  threads  {Klrin, 
Fiscftcl,  Coppt'n-Jfjrt4:.'i,  Xocard,  Maffiicct,  and  of  tiers)  and  bud-  and  club-like  swellings, 
many  authors  are  inchned  to  group  it  with  llie  tlm»ud-fuagi.  J^hmaun  and  Ncvtuann 
designate  it  as  Ahfcobact^rium  ttiberculosi/t,  Ct^pprn-JoneA  as  Ttdjvrculannjet!,^. 

Since  the  tuljercle-bacillu^  in  caseou^n  puimonary  foci  (Coppen-J(mrs),  and  after 
<iipect  injection  into  the  parcnchyina  of  the  brain,  kidneys,  mammarj''  glands,  and  testi- 
<*les,  as  well  as  after  tlie  intrn-nrlerial  injection  of  large  numl>ers  of  bacilh  {Babes,  I^ru- 
^iiti^  Sehulze,  Luhamch,  Frudrirh,  and  X^tHHkT)  foririK^  in  ad<iition  to  the  ordinary" 
Isotonics  of  bacilli,  fungus-masses  also  resembling  those  of  actinomj'ces,  on  tlie  outer 
surface  of  winch  ray-hke  cIuIks  radiate  into  tlie  surrouniiing  tissue,  Luhnr^ch  and  others, 
in  the  asKimiption  that  the  fungu*i-mas.ses  consist  of  branching  thn^ads,  have  classe<l 
Xhe  tubercle-'mcillus  with  the  actinoriiyces  or  ray-funjd.  Liiharseh  regards  the  ruy- 
^ungi  as  a  kuIi-cIilsh  of  the  StrepMhrlcpn,  an  intennediate  grcjiip  lying  between  the 
^chUamiicetes  and  the  Htfphomifcek's,  and  characterized  bj^  the  formation  of  clubs; 
^^iDd  to  tliis  cIjuss  be  assii^s  also  the  butter-  and  dung-fungi  mentioned  above.  Accord- 
^ng  to  FrMrich  and  Xttsake  the  fungus-masses  regarded  as  resembbng  those  of  actino- 
-»iiyccs  consist  only  of  rot  Is. 

According  to  the  mvestigations  of  HammerHchlug,  Ruppet,  Sata,  and  others,  the 

^uljertde-bacilli  con! inn  an  abundance  of  fat,  wliich  under  proper  conditions  may  lie 

^^demonstrated  by  staining  with  sudan  (Sati* ),     Acconling  tti  HammrrsMng  the  tul>ercle- 

%:>acilli  contain  twenty-seven  per  cent    of  substances  .soluble  in  alcohol  and  ether  (fats, 

^eeitldn,  i>oisonous  substances),  while  other  bacteria  contain  only  1.7- 10  per  cent  of 

"^he  same.     The  reniiiining  substance  insoluble  in  alcohol  contains  albuziun  and  I'dlti- 

^-oae-     Apparently  the  acid  rcNistance  of  the  bacilli  is  dependent  upon  the  ricli  fat 

^^feontent,  young  bacilli  wliich  lack  the  fat  covering  are  not  acid-fast  [Marmortk), 

According  to  the  invest igtd ions  of  Prudden,  Ii(xlenpf/l,  KosttnUjurh,  \'ij<!ini4inn^  \fii^ 
^^^UTt  Kockel,  and  others,  dead  tubercle-bacilli,  when  intro<iuced  into  the  tissues  of  an 
^^^^nimal  l^y  inoculation,  or  injection  into  the  blood'Stream,  or  through  introctuction 
^  Mkto  the  respiratory  passages,  excite,  at  the  |>oint  of  deptisit,  inflammntion  an<l  tissue- 

f::*roliferation  similar  to  that  caused  liy  living  bacilli,  and  in  the  case  of  a  large  inocu- 
^^itiori  may  lead  also  to  suj^purafion.  These  clianges  difTcr.  however,  from  those  pro- 
^3^uced  by  living  bacilli,  in  tliat  the  bacilli  are  destroyed  after  a  few  wt'cks  and  the 
^•'^(xliilcs  of  granulatirjn  tissue  heal  through  a  transformation  into  fibrous  tissue;  and 
^  *jrther,  by  the  fact  that  the  severitv  of  the  local  tissue-f>ro!iferation  is  dependent 
'^^^yholly  vipon  the  amount  of  dead  liacilli  intr«Hluced,  and  that  there  is  no  spread  of  the 
^t^rocesa  throughon!  the  body.  The  dead  bacilli  must  therefore  contain  substanees 
C^^rot^ius)  which  cnnne  inflammation  and  later  also  tisHUe-proliferation. 
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In  addition  to  the  local  effects,  the  substance  contained  in  the  cell-bodies  of  the 
bacilli  may  also  cause  emaciation  of  the  animal. 

The  active  substance  of  the  bodies  of  the  bacilli — tuberc^ilin — was  first  produced  by 
Koch  (1890)  from  six- to  eight- weeks-old  cultures  in  a  weak  alkaline  veal-infusion,  to 
which  one  per  cent  of  peptone  and  four  to  five  per  cent  of  ^ycerin  were  added,  bv 
evaporation  upon  a  water-bath  to  one-tenth  of  the  original  volume  and  filtering  througli 
a  filter  of  earthenware  and  silicious  marl.  Later  (1897)  he  dried  highly  ^inuent  cult- 
ures of  tubercle-bacilli  in  a  vacuum-exsiccator,  then  triturated  the  diy  substance, 
mixed  it  with  distilled  water  and  centrifugated  it.  The  active  principle  ij  containcii 
in  the  muddy  precipitate  thus  obtained,  which  is  again  drie<i  and  triturated  and  dis- 
solved in  water  to  which  twenty  per  cent  of  glycerin  is  added  for  the  purpose  of  pres- 
ervation. This  tuberculin  (designated  by  Koch  as  T.  R.)  is  said  to  contain  lOmgni. 
of  solid  substance  in  1  c.c.  (prepared  by  Meister,  Lucius,  and  Briinning^. 

Whether  the  tubercle-bacilli  produce  a  true  tcxin  is  a  question  that  has  not  vet 
been  decided,  but  this  is  probably  not  the  case;  and  in  favor  of  this  is  the  fact  tliat 
localized  tuberculosis  climcally  shows  no  symptoms  of  intoxication.  The  tub€rcutin.s 
obtained  by  various  methods  contain  a  mixture  of  different  sul>stanc£s  which,  like  the 
substances  derived  from  other  bacteria,  excite  inflammation.  Perhaps  they  contain 
also  si>ecific  albumin  bodies  which,  in  the  organism,  cause  the  production  of  specific 
bactericidal  'protective  forces^  either  through  the  formation  of  bacteriolysins  or  of  a<fglu- 
linins  and  precipitins  that  act  upon  the  bacteria.     (See  §  33.) 

Through  the  investigations  of  Arloing  and  Courmont  we  know  tliat  an  emuLsion 
of  cultures  of  tubercle-bacilli  grown  upon  potatoes  is  agglutinated  by  the  serum  of 
tuberculous  men  and  animals.  Through  an  esi)ecial  metliod  Koch  nas  preparer!  n 
fluid  containing  bacilli  in  wliich  a  clouding  and  a  flocculent  precipitate  is  produced  by 
an  agglutinating  serum.  The  serum  of  healthy  animals  (rabbits,  dogs,  cow,  an<*i 
donkey)  shows  no  agglutinating  action  wlien  the  test  fluid  is  added  to  the  serum  in 
the  proportion  of  1:25;  yet  there  are  exceptions  to  this  and  horse  serum  usually 
shows  an  agglutinative  power.  According  to  Koch  and  Romberg  the  serum  of  children 
possesses  no  agglutinative  power.  After  the  fourteenth  year  it  is  very  frecpiently 
present,  probably  as  the  result  of  latent  tul>erculosis.  Through  the  treatment  of  an 
animal  with  dead  or  living  cultures  of  tubercle-bacilli  it  is  possible  to  produce  a  serum 
capable  of  agglutination  {Koch)  or  to  increase  that  already  present,  particularly  easily 
in  goats  and  donkeys. 

Animals  possessing  the  power  of  agglutination  show  a  more  or  less  high  degree  of 
immunity  against  an  artificial  infection  with  tubercle-bacilli,  and  the  agglutinative 
l)o\vor  may  therefore  be  regarded  as  an  indication  of  the  existence  of  protective  suh- 
8tar4ces. 

In  men  suffering  from  tuberculosis  the  power  to  agglutinate  is  not  usually  >ho\Mi 
in  dilutions  of  1:2.5.  In  advanced  tuberculosis  t lie  agglutination  power  is*  usually 
'Vjn'fing,  since  in  the  course  of  a  malignant  tuberculosis  the  protective  substanc*-^ 
are  either  not  formed  at  all  or  at  least  only  in  small  amounts.  A  mixture  of  pulver- 
izeti  tubercle-bacilli  in  1(K)  parts  of  water  plus  KM)  parts  of  glycerin  when  injoot'Ml  i.i 
increasing  doses  (O.S  per  cent  salt  solution,  the  first  dose  contains  0.(K)2o  nig.  of  tii" 
cell  ^ubstance  of  the  bacilli)  has,  in  the  hands  of  Koch,  increased  the  agglutination 
power  of  numerous  consumptives  (from  1  :  2.')  to  1 :  KM)  and  l:.'UX)).so  that  it  may  U* 
assumed  that  it  is  aho  possible  Ut  prmluce  in  consumptives  a  certain  amount  of  pmttr^ 
tive  substance. 

As  to  the  value  of  the  old  and  new  tuberculin  of  Koeh  various  writers  differ.  Its 
worth  as  a  diagnostic  aid  is  not  (piestioned,  |)articularly  that  of  the  old  tulx^rculin. 
since  small  (losc\s  excite  fever  in  tuberculous  animals  but  not  in  healthy  one?-,  yet 
there  are  exceptions  also  to  this.  The  old  tuberculin  finds  a  use  in  the  recognitiDU 
ami  n*moval  of  tuberculous  domestic  animals.  As  a  curative*  methml  (it  is  used  in 
small  doses  in  tuberculosis)  it  is  praised  by  some,  but  at  jiresent  its  use  is  not  very 
extensive. 

During  the  last  year  much  clinical  interest  his  l)een  excited  over  the  diagnr»stic 
use  of  tuberculin  in  the  eutanetfus  reaction  {"Fircjuet's  reaction  *')  and  the  anijunrtiml 
reaction  ("  Calmette's  reaction  "). 

V(m  Behring  has  succeeded  in  rendering  cattle  inmume  against  virulent  bovine 
tubercle-bacilli.  He  uses  first  cultun's  of  human  tuln'rcle-bacilli  which  are  less  viru- 
lent for  cattle,  and  begins  with  an  intravenous  injection  of  1  mgm.  of  a  serum-cult- 
ure of  a  definite  strength  of  infection.  In  younger  animals  the  inmumization  e:ni 
b<'  much  more  easily  prcMluced  than  in  older  ones.  Von  Behring  regards  it  a»^  pos- 
sible to  feed  nurslings  with  a  milk  of  cows  made  inunime  against  tul)ereulosis  :»nd 
thus  to  convey  to  them  antibodies  which  may  serve  to  i)rotect  them  fnjm  infection. 
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§  171.  Tuberculosis  is  at  the  beginning  a  local  disease,  which  occurs 

im^«>^^t.  frequently  in  thelungs,  intestinal  tract,  and  skin;  that  is,  in  places 

*^<-*c*«jssible  from  without.      Cases  of  cn/j)io(/etiic  infection  are   by  no  means 

1-51.1-^  ;  in  these  the  fii*st  demonstrable  disease-changes  apiiear  in  tissues 

coiiocaled  in  the  deeper  portions  of  the  body -parenchyma — iis,  forexam- 

P^^,    in  the  lymph-glands,  adrenals,  bones,  joints,  brain,  tul>es— and  it  is 

^^>     l>«  assumed  that  under  certain  conditions  the  bacilli  enter  the  body 

J^'^^hoiit  causing  lasting  changes  at  the  point  of  entrance,  so  that  they 

^^"^'^lop    first  in    some  distant   organ   to   which    they   are    carried  by 

y"^     blood  or  lymph,    and  through    multiplication   give  rise    to  tissne- 

.^^S^iieration,  to  emigration  of  white  blood-cells,  and  to  proliferation  of 

j^  l^lje  local  disease  usually  begins  with  the  formation  of  miliary  tu- 

j^      .•"^les — that  is,  cellular  nodules  of  the  kind   described  alH>ve — which 
1^  »^***^   in  the  tissue  either  singly  or  (in  case  of  multiple  infection)  in  great 

«:*€^ 

^^X-idual  tubercles,  as  well  as  that  between  the  tubercles,  shows  some 
40 


^^^^Viers  simultaneously,  or  one  after  another  (secondary  dissemination 
,trl;ie  multiplying   bacteria).     The   tissue  in  the  neighborhood    of  the 
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times  a  more,  Bometimes  a  less  proiiouiieed  apiJeuniiice  of  iuflamiuatory 
exudation  and  proliferal loii  of  aa  esifeciully  rpllulnr  ty|H^;  and  through 
(bi'si-  prucesstrs  Ujere  are  Irequently  f<Mriu*d  large  granulation-areas  in 
[be  inferted  connective  tissue. 

In  the  ciii^*  of  tifntr/acf'  coloniziUion  of  ihr  inmHi,  its  is  possibhi  in  the 
alviMjh  of  the  lun^^and  in  thesoiallrst  In'unchiolcs  an  exudative  catarrhal 
inflammation  may  he  the  lirst  sign  id'  the  inftH'tion,  while  proiilenUive 
processes  in  the  conjiecli\e'tisHU©  ^truiaa  and  in  the  pulmoiiarj' vessels 
appear  fmly  at  a  later  |>t*riLKh 

In  the  mncrnis  nicinbraiies  and  in  the  skin  (Fig.  473)  large  areiit*  of 
the  mucosa  and  snbmncos;i,  or  curinni   respectively,   iiuiy  tlirough  the 


v^/^ 
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Fro,  itE.  '  <"  skin  uitb  atypical  jmiwth  nt  rimlH'titHu,  tmm  tberef^oa  (>f  the  kn<t^  uu<-^»iir'i 

htemntaxyUn.,  lui  (L>(ct,  i»li  rjc  mid).    <t,  Cnriiiin  ctniwrti^?!  itiTjiji  irruniiluiluti  ItBRUi*  In  wliirh  then*  orv  seal- 
(en^'l  tu^.ivri'k'*  ;  h^  rpWt-nnfa:  e,  epUbelltil  ^^lu(^!*  ifniwittg  Into  the  d*t'ptT  tissiu'*;  */,  tulieTi*le,     X  &X 


formation  of  sueli  grainihitions  uiider^^o  a  nodular  or  a  diffuse  flattened 
thiekeninj^.  In  th**  S4'naisiueijibriines  there  may  develop  hir^^^e,  flattened 
n<)diilcs  in  whose  neighl>nrh(NKl  ttie  senisa  is  thiekent»d  and  Cf>vered  with 
a  fihrinous  exmlate.  In  (lie  synovial  niemlirane  of  the  joints  and  Ijursse 
1 1  a  *  re  i  »f  t  tM  i  a  i  ■  ist^  so  ft ,  s  po  n  gy  i  a  •  o  1  i  fc  r;  it  io  ns,  t  h  e  s<  *  -  ca  1 1  ed  fit  tu/u  it  s  gntnn  - 
htlions  {F\\^,  471);  ill  the  peri(»stenni  and  bone-marrow^  round,  fn*ayi?sh- 
red,  r>r  gray  granulation -are^LS  of  varying  size  apjiean  All  these  are^s 
liave  one  feature  in  common — namely,  in  their  neighborhood  are  found 
intlamniatory  intilti-atitms  and  proliferations  of  tissue,  which  bear  the 
<  haiactcr  of  a  granulation  tissue  (Fig.  47:^  it :  474,  6)  inclosing  charac- 
teristic non-vasenlar,  eelhilar  nodules— tubercles  (Figs.  473,  d;  474.*) 
— which  often  contain  giant -cells.  In  grayish  red  t  issuers  rich  in  blood 
\\\v  tubereles  nm3Miflcn  be  reet^guized  by  the  naked  eye  a.s  gray,  or,  wheu 
uiHlrj'gciiug  caseation,  as  white  or  yellowish  white  nodules. 

The  arva  tf  iuherrHhniH  (frtfitnlaHon  Umtie  when  i>n(*(^  formed  becoaies 
larger  in  its  further  coarse  uf  development  by  an  appomlhmti  f/rotrthj 
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'^'^CY.  474.— Taberrulous  inviulatlon  ttamie  from 
rM?>  aftTQOffal  membrane  of  tbe  knee-joint  (M Oiler's 
i«.m«cm«  BIsmamk  brown),  a.  Connertfye  tissue;  6, 
-■-^i.K&  vlatlon  tL««ue ;  r,  tubercle.    X  80. 


i^:^«:ise  fibrous  tissue  (Fi^. 
r^«,»^meiit  (ci),  and  in 
i:»si.T*t  is  more  hyaline  and 
l^c>inogeiieoiis  in  char- 
%^at^v.  'in  the  hmgs  such 
c?'onn^ctive-tissue  nodules 
^<'>»ituin  more  or  less  Ciir- 
*>«i^- pigment  (Fig.  477). 

-A  second  form  of  ter- 
''^ii^sition  is  a  comblna- 
f3^^^^  of  caseation  and 
'■•>«-H)us  induration  eoni- 
^■*^**ing  dense  fibrous  tis- 
^^*«  (Pig.  478,  5,. <Z)  and 
*^•-*^c^ou8  foci  (a)  of  vary- 
^«  size. 

The  third  termination 
.^.^^^^  foists  essentially  in 
ition,    the    tubereu- 


47: 


whereby  the  same  processes,  as  just 
described,  consummate  themselves 
at  the  perii)hery.  There  may  arise 
in  this  way,  either  within  an  in- 
fected organ,  or  upon  the  surface 
of  such,  nodules  of  large  size,  soli- 
tary tubercles  (Fig.  475,  c)  as, 
for  "xample,  in  the  pia,  brain, 
and  upon  the  dura  mater,  which 
not  infrequently  resemble  true 
tumors.  Further,  the  tissue  trans- 
formed by  the  tul)erculons  process 
or  the  newly  formed  tissue  respec- 
tively, maj'  suffer  various  fates; 
and  there  may  be  distinguished 
three  chief  forms  of  termination, 
which  may,  however,  be. combined 
ill  various  ways. 

In  a  first  group  of  Citses  the 
X)roduction  of  connective  tissue 
forms  the  most  striking  feature, 
and  there  results  a  connective- 
tissue  induration  of  the  diseased 
tissue  (Fig.  476)  with  the  develop- 
ment of  a  dense,  fibrous  connective 
tissue  (a).  If  the  process  does  not 
come  to  a  standstill,  there  may 
be  found  in  iissociation  with  the 
fibrous  tissue  iww  proliferations  of 
granulation  tisHue  (/>),  and  often  also 
a  larger  or  smaller  number  of  typi- 
cal tubercles  (e).  If  the  process 
comes  to  a  complete  standstill  and 
to  a  cure  of  the  infection,  the  en- 
tire area  may  come  to  consist  of  a 
a,  b)  which  in  part  shows  a  nodular  ar- 


Fio.  4T.>.-- Large  solitary  tuberrle  of  the  pla  meter  of  tho  oerebel- 
lum  in  vertical  section,  lu  Cerebellum:  />.  dura  mater  adhen'nt  tu 
the  tubercle;  r,  laminated  tubercle:  <h  gny  peripheral  zone 
adherent  to  the  dura  mater  and  beset  with  yellowish-white,  nod- 
ular deposit**.    Natural  si/.e. 


"    ••fwiif  «nt!»HttitnD :  1^  ivmniiiiji  ^f  dastii'  nitres  Iti  lli*?  tm^n  of  ciutetilkin ;  c,  ttm«ll  eatmpfiultiU^  i-aiseous 
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its  neighborhood  (a)  neither  fresh  grannlation-tissae  areas  nor  tubercles 
are  still  present.     Occasionally  calcification  cf  the  encapsulated  caseous^^ 
mass  may  occur  as  a  further  sign  of  the  termination  of  the  process. 

The  caseous  masses  of  tuberculous  foci  are  sometimes  firm,  somc-^^ 
times  soft,  and  in  the  latter  case  very  often  suffer  a  disintes^ration  ain"^ 
liquefaction  leading  to  the  formation  of  milk-white,  crumbling,  and  puL  ^ 
taceoiis  or  even  thin  fluid  masses,  so  that  the  tuberculous  area  comes  t  ^ 
present  the  picture  of  an  abscess  surrounded  by  a  wall  (designated  b>.^ 
cold  abscess).     Kupturo  and  emptying  of  the  same  externally  leads  to  tl^^ 


Fig.  4^.  -Tuberculous  cavern  in  the  tibia  (aloohol,  pfcric  acid,  bsematoxylln,  carmine).    TransveiN^ii^^ 
section,    a,  IVriosteum  ;  />,  rarefied  cortex:  c,  i)eriosteaI  deposit  of  bone:  d,  fllHvus  ttome  on  the  ione^i— i 

surface  of  the  cortex;  r,  granulation  tissue  containlntr  tul>ercles:  /.  sequestrum  with  bony  traheculii ^ 

InOltrated  with  granulation  tissue;  (/.  union  of  the  granulation  tissue  with  the  sequestrum :  h.  cnvity  thnr   ^ 
had  been  nile<l  with  pus  an<l  caae<»U8  nuisses.     >  3^. 


foriiiiitioii  of  cavities  or  caverns  and  fistulous  passages  acc^essiblo  froi  jj 
without,  and,  when  there  is  a  wide  opening,  to  ulcers. 

Dmntegration  and  cfitnfy-fonnation  occur  particularly  in  the  lung,  and 
nuiy  there  h»ad  to  the  formation  of  cavities  as  large  as  a  man's  fist  or 
larger.  They  also  occur  not  infrequently  in  Ciiseatiug lymph-glands,  ami 
in  caseous  foci  in  the  kidneys,  bniin,  muscles,  skin,  and  bones  (Fijj. 
480).  The  cavities  (h)  contain  in  the  beginning  the  liquefied  tuberculous 
tissue,  in  which  not  infrequently  remains  of  the  original  tissue  may  be 
recognized  in  the  form  of  sequestni  (/).  After  the  evacuation  of  the 
contents  the  wall  may  furnish  material  sufficient  to  fill  the  cavity  again 
either  through  the  secretion  of  pus  or  through  the  breaking-off  of  necro- 
tic tissue.  lUrmonhages  not  infrequently  arise  through  the  erosion  of 
blood-vessels. 

The  iraUa  of  the  eavenis  and  ahseenses  are  usually  lined  by  caseating 
granulation  tissue*  containing  tul)ercles  (Fig.  480,  r) ;  the  surrounding 
tissue  l)ecouies  indurated  in  i)art,  and  in  i)art  the  seat  of  caseating  foci. 
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If  a  tuberculous  focus  does  not  become  healed  through  tissue-indu- 
ration, sequestration  or  encapsulation  of  the  dead  tissue,  or  through  the 
removal  or  deatli  of  the  bacilli,  there  exists  the  danger  of  metastasis. 

This  takes  place  first  by  the  lymph-channels;  and  a  part  of  the  pict- 


Fig.  483.— Beffinniiif?  tiitien'iilosis  of  the  hmff  in  a  two-year-old  child.    Horizontal  secflon  throufrb 
rifTht  lunK:  (Milller^s  Quid,  ranuine).    a,  Caseous  area  In  the  iv|;ci<>n  of  tb«  anterior  bonder;  l>,  post^^ 
Inner  lK)rder  fni>  fnmi  tut)en*U^:  r.  transverae  section  of  the  hn>nrhuA:  ct  (fi,  caaeatlnfr  IjinpTi  glnnd  ^r 
pulniunary  vein ;  /,  jwlnt  where  the  vein  »;  has  become  adherent  to  the  iTinpta-gUuHl  di ;  cheesy  dt^ct'i  i^  ' 
tlon  of  the  vein-wall  has  also  befnin  at  the  same  point :   (/,  tubercles  In  tbe  lymph-veflMW  of  the  piilmo  i 
parenchyma:  /i,  iM»riarterinl,  i.  peribnmchial,  h\  |>erlvenou.s  /,  pleural  tubercles;  m,  tubercle  of  I: 
vessel  at  hilum  of  the  lung,     x  2Vs. 
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Tli*^  transportation  of  the  bacilli  tlironi^^h  the  Mood-sti'eam  gives  rise 
to  a  hasmatogenous  miliary  tuberculosis — lliat  is,  tvi  an  eruption  of 
miliary  tuberele.s  (Fig.  486^  a)  at.  those  pla<*es  where  tlie  biu*iili  beeome 
lodged  and  multiply.  rFust  where  thi*se  [jhwes  will  l>e,  and  how  nniuer* 
ous  the  tiil>ercles,  depend  upon  the  hjcation  of  the  point  of  rnphiif*  and 
the  nnjabiAr  of  baeilli  entering  the  blooch  The  t^it ranee  uf  many  bacilli 
into  the  bloud  may  le;nl  to  n  f/nwral  hirmatogetious  wiftHnf  tnhrrcuhmH, 

If  the  liaeilli  have  eniered  tlie  l)h>iKl  stream  in  smalt  mitnbei*s  and 
hav**  been  dejjusited  in  nnly  cmh*  organ,  ant!  if  th-atli  dni^s  not  ensue,  there 
arises  in  this  organ  a  i*ntgressi\e  kivmniofffnonH  fontf  fuhnrtiiv^HiH^  wliiidi 
runs  a  course  similar  U\  that  of  the  primary  f*>ens  coming  from-  witliovu. 


4< 


P^ 


B^ 


^^Uft 


Fl(r.  4^'>.  —  Tuhf^rculofl*  of  the  vcltts  tii  tine  nFl^rhlMntjOfwl  of  n  rubf>r<r'iilous  r^taiptTUotwol  lyniph-jrland 
(fi>rmHl1ii.  hopmau>xvlln,  ecwln).  fi»  Tijti*»rt'ulou.^  lyinph-irlinMl  wnli  jftant-wlls  and  cii»ecnjs  RkI  t  larsfe 
b]omt-vfMf*i^lH  nt  the  p^Tlphery;  h^  veinus  wh^mit  walls  am  tliiekriu'd  by  tuberculous  irmtiulutiuii  ttssiif,  tbe 
iuiier  laiyore  of  wblcb  abow  caseiitkm  ;  i\  fiit  IliiUiUtr.    X  28. 

The  exudative  inflammation  accompanying  the  lympfiogeoous  and 
hematogenous  eruption  of  tubercles  is  snmetimes  more,  s(»metimcs  li\ss 
prononnced,  and  is  nsnally  nmst  severe  in  the  meningesand  in  tin*  hnigs. 

Shonld  a  tulx'rriilons  focnis  in  the  hing  bn^ak  intt*  the  bn>nehi,  as  !|m. 
result  of  the  softening  nf  a  east^ons  aiva,  or  if  a  easintling  f«*cns  in  Uie 
kidney  shuuld  invade  the  kidney-pelvis,  there  will  result  a  dissemination 
of  tubercle-bacilli  over  the  surface  of  the  mucous  membranes*  Ftum 
the  Inonchi  ttie  liaeilli  spiead  into  the  trachea,  larynx,  montli-eavity, 
and  tiience  iido  Uie  alimentary  canal;  Ihrongdi  aspiration  daring  deep 
qni(*k  ins|t!ratimi,  they  may  be  carried  into  other  port  ions  of  the  lungs 
as  yet  uuaffecteth  From  the  kidneys  the  baeilli  may  l>e  spread  through* 
out  the  descending  urinary  passiiges. 

A  secondary  infection  may  aJso  result  from  this  spivadiiig  of  the 
bacilli,  yet  only  a  snnill  percentage  of  thi'  bat*ilb  thus  distribuletl  give 
rise  to  an  iirfeetion ;  and  exi>erience  lias  taugiit  ns  that  only  certain  ]H»r 
tions  of  themucons  membranes  are  susceptible  to  infection — particularly 
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liver  *ilcotn)l,«'itrujlneL    ft.  UfSt'huh^i  tuiH^jvli."  lii  Uie 
ecmnei'Uvp  tJiiisiie  about  tiie  pi»rtttl  vein ;  h^  ciit M'^tlon  at 


till'  toiiKiis  and  the  lyiiipliinlenoid  tissue  of  tlu*  small  and  large  intestines* 

■while  the  (Ksophuf^ns  luid  .stomaeh  am  iilniost  iujinuiie;   and  ia  tlie  Ciuse 

of  the  dL»8t*ending  urinary  passages,  the  kidney  jjel vis,  the  ureters,  and 

bladder  are  asnaliy  intVetetl 
while  Ihe  urethra  almost  always 
reniains  aiiinv<ilved. 

It'  bacilli  enter  the  ja^reat 
body-cavities  lliey  ran  also 
spread  over  the  snrfaees  of  the 
serous  membranes,  int'eet  the 
latter,  and  exeite  a  ditlnse  in- 
tlanunation  and  formation  of 
1 1  <  111  u  I  ew  ( F  iu,  4  ^  7  ),  A  n  e  w  -  f  o  r  - 
uiatifHi  of  eonnective  I  issue  may 
follow  later. 

Slicadd  1uliereh*haeill!  be 
ljfest*nt  11*  tin*  4'ireulatin^^  lilitod 
of  a  wniuau  daruii;'  iMi'^MUUiry, 
llie  infect  ion  of  the  placenta 
and  fcetus  may  fulh^w,  so  that 
the  eh  ltd  will  be  born  already 
inlVetetL  In  so  far  as  data  eon- 
eeniiufj:  this  jjoiat  exist,  Ihis 
e\ent  is  not  of  tVeqnent  oeeur- 
ren<'e:  and  it  is  more  nsnal   for 

rhildren  of  tnhercuhmH  parnit^  to  hfrom*^   inftTfrtl  affrr  birth.      A  emieep- 

tioaal  infoetion  of  tlie  emhryn  tluYiui^di  intVeicd  semen  has  not  yet  Inmmj 

demoastniled,  and  is  very  luilikely. 

Secondary  infections  are  not  infrequently  associated  with  that  caused 

by    t  u  be  re  I  e  - 1  >i  u  *  i  1 1  i ,     and 

this    ocem*s    parthvularly 

when    the  disinlegration- 

c'avities  or  uleei^j  are  ac- 
cessible     from     without, 

Se-ronihtrtf  htf ret  torn  of  tu-  4*,-**^^^* 

herrutiu(Hlun(/H  ai'**  of  V(^rv 

frefioent  (H*eurrenet%  and 

are    dne    partienhirly    to 

Htreptorof'H  *atHl    slaph^tn- 

earn,   pnetimoeucH^     inflih  ,  ;^<^ 

en^Q'hnriJU^     mieroroccnH 

tetraffenita^    and    havtniiim        ^ 

tHilL     Many   ant  hoi's    are 

iuelined  to  refer  all  w-vere 

inllannuatory    exudat  ions 

neeorupanyin*;  pnlmrMiaiy 

tuberenlosis  to  sueh  s^^eon- 

dary  iulVetlons;  but   this 

is   not   e<>rreet  in  so  far 

that  the  formation  of  tu- 

bereles  by  tnberdebaeilli 

may  Ik*  aee*nnpanied    by 

iuflammat4»i'y    exudations 

of     811  ell     severity     that 


'% 


^ 


Fto.  4fl7.— TiilMTeuKmi**  omt'iul  (Mllller's  fluid*  carmine),  a, 
(Tenin*  of  tutM*rcli*:  Ij,  cells  uf  i<plihel|oia  character;  c  lym. 
V»ljatir  iMemKnU :  */,  proUffmlin^r  fpUhtHtttnt  Mndothelluno  In 
tilt'  tieiKtilMirbtiftd.      ■   3(11. 
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serous  or  serofibrinous,  or  pure  fibrinous,  or  fibrinopurulent  exudates 
may  collect  in  large  quantities  in  the  tissues  (in  the  pulmonary  alveoli, 
on  the  pleura,  and  in  the  subarachnoideal  space,  etc.).  A  high  (septic) 
fever,  i-apid  destruction  of  tissues  with  a  tendency  to  suppuration,  and 
an  uniLsually  severe  intlammation,  in  pai-t  of  a  haemorrhagic  character, 
point  to  a  si^condary  infection.  Nevertheless,  it  is  often  impossible  to 
determine,  without  a  special  investigation  directed  to  this  point,  whether 
a  pure  tuberculosis  or  a  mixed  infection  is  pi'esent. 

For  the  treatment  of  tuberculosis  with  bacterial  extracts  and  curative 
serum  see  g  32. 

Tlir  ([uestion  as  to  Iiow  often  tuberculosis  Is  transmitted  by  the  passage  of 
bacilli  from  the  mother  to  the  child  is  still  an  open  one.  It  has.  however,  been 
shown  by  Schmorl,  Birch-IlirHchfekL  and  y^f«c/wM2.y  that  in  cases  of  miliary  tuberculosis 
in  pregnant  women,  tubercle  bacilli  are  present  both  in  the  intervillous  spaces  and  in 
the  blood  of  the  chorionic  vessels,  and  that  the  liver  of  the  fnptus  may  contain  bacilli. 
Further,  cases  of  tuberculosis  of  the  placenta  also  occur  {SchmorU  KockeU  LungiHtz, 
Warthiii  and  Cotric),  which  may  be  regarded  as  stages  on  the  way  of  the  tulHjrcle- 
bacillus  from  the  mother  to  the  Ya-tus. 

Cases  of  tuberculosis  occurring  at  an  early  period  of  life,  reported  by  Demme, 
Baumfiarten,  Hilliet,  Charrin,  and  others,  as  well  as  the  statements  of  Anunnm\  IjHu- 
(iouzy,  and  Martin,  that  the  inoculation  of  portions  of  the  organs  of  human  fcrtiist»s 
obtained  from  tuberculous  mothers  produced  tuberculosis  in  guinea-pigs,  speak  iu  favor 
of  a  passage  of  tuben^le-bacilli  from  the  mother  to  the  fa'tus.  Still  more  important  are 
the  experimental  investigations  of  dc  Remi  and  Gartner,  who  succeedeil  thnmgh  the  in- 
oculation of  pregnant  guinea-pigs,  white  mice,  and  rabbits  in  producing  tuberculosis  in 
a  part  of  the  young  born  of  these  animals,  (fart mr is  consequently  of  the  opinitm  that 
under  certain  conditions  tubercle- bacilli  may  pass  from  the  mother  to  the  f(Pt  us  in  the 
case  of  both  animals  and  man.  Finally,  MaffvcH  and  Uttumgartenswcc^Qda^  iu  effecting 
a  tnuisfer  of  tubercle-bacilli  to  impregnated  hen's  eggs,  and  discovered  that  the  infec- 
tion did  not  disturb  the  development  of  the  chick,  but,  on  the  contmry,  the  bacilli  that 
were  taken  up  by  the  embryo  remained  in  the  tissue  of  the  latter  without  multiplying 
to  any  extent,  later  to  cause  a  tuberculosis  in  the  body  of  the  hatched-out  chick.  Ac- 
ronliiijLr  to  the  evidence  of  anatomical  investigations  rf  placental  tranmnission  of  tufter- 
riihtnis  to  the  child  cannot  Ik  doubted.  On  the  other  hand,  a  coiiceptional  transinissitui 
of  tuberculosis  from  the  father  to  the  embryo  has  not  yet  been  proved.  Moreover,  ac- 
cording to  th  '  investigations  made  uj)  to  the  ])res<'nl  time  it  may  be  emphasized  that 
tfthfrcfflosis  is  to  he  nferred  u.snallji  to  an  c.rtrnnterine  infertion  and  tiiat  chifdrfn  of 
tnlH'rrolons  jKtrenfs  suffer  from  tuberculosis  so  fre(|Ueutly  becjiuse  they  are  more  e.rpo.srtl 
toon  inftctioo  irith  tnlntrnlosis  \\\{\\\i\y(^  \\\{^  children  of  healthy  parents.  An  especial 
pmh'spoidtion  to  t'durcnlosis  in  the  chthhu n  of  tohcrridooH  jtarents  has  not  Vft  bei-n 
demonstrated. 

In  animals  a  transmission  of  tuberculosis  to  the  fo'tus  seems  occasionally  to  occur, 
accr)r(ling  to  the  rei)orts  of  Zijtpelius,  Jenntn,  Pdtz,  (irothans,  J/aleoz,  Li/dtin,  Jiroorier, 
Adants,  jiud  others.  Jt da le  wan  not  only  able  to  demonstrate  in  a  fcetal  calf  the  pre> 
ence  of  miliary  nodes  and  larger  nodules  in  tlu;  lunixs,  liver,  and  various  lymph-glands, 
but  also  to  show  the  presence  of  characteristic  bacilli  in  the  h'sions. 

From  the  side  of  clinicians  and  ])hysi(aans  the  so-called  scrofula  has  been  many 
times  regarded  as  an  es|)ecial  pathological  condition  of  the  organism  of  the  cbiid.  ]>re 
disposing  it  in  an  especial  degree  to  tuberculosis.  As  st-rofulous  are  regardctl  thos<» 
children  who  permanently  or  at  least  very  fretjueiitly  suffer  from  inflammations  of  the 
mucous  membranes  (nose  and  its  accessory  cavities,  conjunctiva,  middle  ear),  as  well  a< 
of  the  skin,  also  from  swelling  of  the  lymph-glands  leading  occasionally  to  necrosis  and 
suppuration,  linally  also  from  chronic  intlannnations  of  the  bones  and  joints,  and  who 
present  a  Ilabby,  i)ale.  often  bloaie(l  appearance.  In  many  cases  these  symptoms  are 
due  to  tuberculosis;  in  other  cases  they  are  caused  by  an  infection  with  .streptococci  or 
stai)hylococci.  or  are  the  results  of  syphilis.  Scrofula  isnot  a  disease  entity,  but  is  only 
an  especial  synii)toni-comple.\  belon^'ing  to  dilTerent  diseases.  Whether  the  affect<*(l 
children  ])ossess  an  espeeial  predisposition  /o  all  these  infections  which  may  be  designated 
as  scrofula  is  difiieidt  of  proof.  The  organism  of  the  child  is  in  general' easily  infected 
hv  these  iigents.  and  the  fn'(juent  illness  of  certain  children  due  to  these  infections  may 
he  referred  to  a  lack  of  cleanliness,  or  to  esj)ecial  ccmditions  of  the  environment  of  the 
child,  or  to  frecpient  injuries,  etc..  as  well  as  to  an  especial  predispositicm  of  the  child 
if<('lf. 
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Von  Behring  luis  in  n^.rt'nt  y(»ars  uphelfl  the  view  that  tiibc^rculosL"*  is  ahnost  al- 
ways the  result,  ot  bacilli  entenng  tlirougli  the  inte»^tirie  in  infancy,  and  that  hiter 
infections  play  a  wholly  siibonhniite  rok*,  TliLs  theorj^  is  correx^i  in  ro  far  as  flu*  lon^- 
knf>wn  fact  is  ctmrtTniul.  that  the  inte.sti*ie  of  infants  ♦akeB  up  the  baeilli  mort'  easily 
than  the  ad  nit  intent  ine,  and  tliat  the  infection  is  not  always  manifest  at  the  point 
through  which  the  bacillus entcrs/but  develojis  first  in  thone  orpins,  the  lympli-ntMli-H, 
lung^t  brain,  bones,  etc.,  to  which  it  ha,s  been  carried  by  tlie  blotwl  or  lynipli.  Infec- 
tion with  tuberple4uifilli  may  occur  at  any  age.  Furtlier,  tlje  |trininr\'  intestinal  in- 
fection is  not  the  dominating  one,  but  the  infection  of  tlie  respinitor\'  tnici  is.  The 
latter  results  usually  from  tfie  direct  entrance  of  the  bacilli  into  the  respiratory  part^n- 
chyma.  Primarv  infection  of  the  noFe<  larynx,  trachea,  and  l)ronehi  alno  occurs,  but 
is  relatively  much  less  frecpient  than  the  i»rimar>^  lull^-ilffection. 

Calmetlt'a  view  of  the  intestinal  o"gan  of  anthracosis  has  a Iho  l>een  turned  as  an 
&r|^ment  favoring  the  ingeation- theory  of  tubcrcnilohis.  Much  htks  been  written  upon 
this  subject  fin  ring  the  la.st  several  yearns,  ami  while  the  opinion  of  the  majority  of 
I>athologi.stw  favors  the  aerogenons  nuliire  of  tulxTcnlous  infection  in  late  cliildhood 
and  in  adult  life,  the  ctinlngical  imprjrtance  of  infection  through  the  intestine  in  infancy 
has  \w*ni  incH'asrd  lo  such  an  extent  that  this  mode  of  infection  camn»t  be  dii>regartled 
practicidly. 

Tuberculosis  of  mainaials  is  observed  mo«5t  frequently  in  the  case  of  cnttlc,  and 
present.'*  in  general  a  course  similar  t<*  thai  of  t!ie  di.sea**e  in  man,  though  the  g'unula- 
tion-areas  develop  more  freqiienf- 
!y  into  larger  tumor-like  nodules, 
^particularly  so  in  cattle,  and  the 
tendency  to  a  genertdizatioo  of 
the  dii5*'5isc  i.-*  less.  The  tuber- 
cidosis  of  the  i<erous  membranes 
w  hicfi  is  often  designated  as  pear] 
disease  {"Pcrl^ucht  *')  begins 
vdth  the  format ioii  of  smaJl  notl- 
uJes,  leading  then  to  a  more 
marked  prohferatit»n  of  the  con- 
nective tissue,  giving  rise  to  the 
fonnation  in  the  tluckened  serosa 
of  ncxlules  of  the  size  of  a  pea  or 
hcixa  or  even  as  large  i\»  a  hen's 
i%%  or  man'n  list  (Fig.  488), 
which  in  the  beginning  are  soft 
and  sarcoma-like,  but  later  be- 
come firmer  and  dcnsi-r  and  often 
eaclase  calcified  an*as  f*f  casea- 
tiin.  The  fomi  of  the  proliferii- 
tirm  is  s<jmetimes  villous-like  ami 
warty,  at  otlier  times  of  a  rnnl- 
berry-  or  gnijic-likc  fonn,  cauli- 
flowor4tke  or  even  polypoid. 

Next  to  cattle  the  hog  is 
most  f refluent ly  uffectccl  with 
tut>ereulosm,  more  rarely  the  litjr.se.  goat,  sheep  and  cat,  and  still  more  rarely  the  dog. 

Of  ivilti  unhnttis  in  captnity,  the  aix*.  lion,  tiger,  bear,  jackal,  panther,  jaguar, 
giniffe,  and  riromerlnry  easily  acquire  tuberculosis.  Uf  the  .small  animals  u>*f-d  foi 
exi>crimenit  the  guinea-pig  \s  the  nuist  susceptible.  After  siihcnianetius  inoi-ulations 
there  results  a  pn^gn'ssive  tuberculosis  which  kills  the  animal  in  frf»m  uV)ont  four  to 
eleven  weeks.  In  rabbits  an  inoculation  tuberculosis  may  heaL  Field  mice  and  white 
miiH?  are  infected  with  difficulty. 

TubercvUosis  is  of  frtH4uent  nceurrence  in  btrds  (chickens,  pigeon^s,  plieasatits,  twid 
parroti-),  and  is  usually  hM-alissed  in  the  abdominal  organ.s. 

The  cultures  of  lul>erele-bi»cilh  fnan  man  an*  drj\  warty,  or  scaly  and  lustreless; 
ihuee  of  avian  tulxTculosis  moist.  wrinklerL  and  soft,  and  moreover  gn>w  best  at  43* C» 
Dogs  are  wholly  immune  to  avian  tulH-reulosis,  but  not  to  human  tuberculosis.  The 
ititraperitoncal  inoculattou  of  mammahan  tuberculosiis  (/.rrm/i  c;ois<_^s  in  rabbits  nutner- 
otis  easiMJUs  h>ci  in  the  liver  and  spleen  with  few  giant-cells  and  scanty  bacilli,  and  in 
the  lungs  numerous  easeous  nodules  containing  numerous  bacilli.  Inoculations  into 
tlief!c  aninmls  of  chicken-tuberculosis,  on  the  other  hand,  cause  a  scanty  prcwhictinn  of 
t)on-<*a<eatinjz  ci'lluhtr  pmliferations  cr>ntaining  giant -cells  and  gn*at  numbers  4»f  bacilli* 

AcCMrrhng  to  Mnfjitcvi,  Mnrtin,  (rtirtner.  and  others,  the  inoculation  of  hinnan 
tuln^rculoBis  into  chickens  does  not  protSuce  tuherculoisis,  but  the  bsicilli  remain  alive 
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for  weeks  within  the  body  of  the  chicken.  Pigeons  (Auclair)  die  after  intraperitoneal 
inoculation,  buc  no  tubercles  are  found  in  the  tissues;  the  liver  and  lungs  may  con- 
tain living  bacilli  fourteen  days  after  the  inoculation.  In  guinea-pigs  (Straus)  the 
bacilli  of  human  tiiberculosis  cause  much  more  severe  changes  than  do  the  bacilli  of 
chicken-tuberculosis.  In  mice  infected  with  avian  tuberculosis  {Weber  and  Bo  finger) 
there  occurs  a  moderate  increase  of  the  bacilli  without  intoxication  and  without  any 
marked  reaction  on  the  part  of  the  tissue.  When  kept  in  the  mammalian  body 
(guinea-pigs  and  mice)  for  one  to  two  years  the  virulence  of  avian  bacilli  for  guinea- 
])igs  is  not  changed.  Whether  man  is  susceptible  to  avian  tuberculosis  is  still  an  open 
question. 

The  question  whether  the  tuberculosis  of  animals,  particularly  of  the 
domestic  animals,  is  identical  with  that  of  man  has  been  the  subject  of  lively  dis- 
cussion during  recent  years.  The  majority  of  writers  believe  in  their  identity,  Kcch 
and  I'on  Baumgarten  deny  it.  In  favor  of  the  latter  view  may  be  taken  the  fact  that 
the  bacilU  of  different  sources  show  differences  in  cultures,  cultures  of  avian  tuber- 
culosis in  particular  showing  essential  differences  from  those  of  hiunan  tuberculosis. 
Further,  inoculations  of  human  tubercle-bacilli  into  domestic  animals,  for  example, 
into  cattle,  are  either  negative  or  cause  a  milder  disease  than  that  resulting  from  the 
inoculation  of  bacilli  obtained  from  sick  cattle.  In  spite  of  these  facts  it  cannot  be 
doubted  that  we  have  to  deal,  not  with  different  forms  of  disease:  but  that  the  tuber- 
culosis of  man  and  that  of  the  domestic  animals  are  identical  dii^eases  prtxiuc^d  by 
varieties  of  the  same  species  of  bacillus.  When  the  bacilli  increase  for  a  long 
time  within  the  same  species  of  animal  they  acquire  pro])erties  that  make  them  less 
virulent  for  other  species  and  they  are  Wich  difficulty  made  to  grow  in  the  latter. 
Human  tuberculosis  is  nevertheless  still  directly  transmissible  into  other  mammals, 
and  man  may  be  infected  with  the  bacilli  of  mammalian  tuberculosis.  Uncooktd 
cow's  milk  and  meat  containing  tubercle-bacilli  can  convey  bovine  tuberculosis  into 
man.  and  the  attendants  of  cattle  can  be  infected  from  sick  animals  also  through 
wounds  or  the  respiratory  tract.  The  avian  strain  of  tuljercle-bacilli  is  the  farthest 
removed  in  its  properties  from  the  human  strain.  In  parrots  there  occurs  also  a 
tuberculosis  the  bacilli  of  which  are  identical  in  their  propertic3  with  those  of  the 
bacilli  of  human  tuberculosis. 

Tuberculosis  occurs  also  in  cold-blooded  animals,  fish,  bUnd  worms,  frogs, 
snakes,  lizards,  tortoises,  etc.,  and  is  Hkewise  caused  by  an  acid-fast  bacillus,  that  pos- 
sesses an  optimum  of  growth  at  15°  C,  and  grows  at  temperatures  of  10^-31**  C.  It 
has  boon  assumed  (Bataillon,  Ferre,  and  others)  that  this  bacillus  is  also  a  variety  of 
the  l)a('illus  of  mammalian  tuberculosis.  Friedmann  lias  attempted  to  immunize 
guiiioa-pi^s  a«rainst  tuberculosis  by  inoculating  them  with  the  less  virulent  bacilli  of 
the  tul>erculosis  of  cold-blooded  animals. 

As  pseudotuberculosis  may  be  classed  all  those  affections  characterized  by  tlu* 
format  ion  of  cellular  and  fibrous  nodules,  and  in  })art  also  undergoing  necrosis,  and 
wliicli  are  similar  to  tubercles,  but  wliicli  arc  not  caused  by  Koch's  bacillus.  Accord- 
iii<r  to  the  etiologj'  tlie  following  forms  may  be  distinguished: 

1.  pM\niot}ibfrcuh)sii< due ti) dead  jorehjn  bttdics.  Tliis  may  be  caused  by  theexperi- 
incnfal  injection  of  lycojxxlium-spores,  olive-oil,  and  mercury  into  tlie  blood- ve.ssels. 
the  iiilialation  of  irritating  material  into  the  lungs,  the  injection  of  large  (pnintities  of 
milk  into  the  peritoneal  cavity,  etc.  The  i)resencc  in  the  tissue  of  caterpillar  haiix 
pieces  of  wadding,  silk  threads,  etc.,  cliolcsterin  tablets  from  nipturtni  ovarian  cysts, 
and  stoniach-contunts  which  have  gained  entrance  into  the  i)eritoneal  cavity,  etc.,  may 
also  lead  to  the  formation  c)f  tibrocellular  nodules. 

2.  F.sendotuhctrulosis  ranaed  htf  iiununnorphoUH  n.\\(\  ]tolymor}thous  hm'tcriti.  K^qiihri*  v, 
Bncludz,  and  Hexuer  have  described  forms  of  ('Itidothnx  and  Streidolhrix  obtiiined  from 
ai)parently  lul)erculous  lungs  and  bronchial  glands  Avhich  they  are  inclined  to  regard 
as  the  cause  of  the  disease.  Counnont  found  in  an  apparently  tubercidons  elbow -joint 
a  hacilhis  which  was  not  identical  with  yvV/Z-s  bacillus.  An  affection  of  the  peritoneum 
reseinhliug  tuberculosis  may  be  j)roduced  in  guinea-pigs  hv  the  injection  of  tlu»  butter- 
bac^illiis  of  Bftbinofritsrh  {which  i)robably  comes  from  cow-dung)  as  well  as  by  the  ijrass 
hacilhis  of  Mo(»ller;  and  in  white  mice  by  the  inoculation  of  the  butter-hacillusof  Korh, 

In  tiie  rodents  a  disease  resenil)ling  tuberculosis  is  not  infrequently  pro<luced  by  a 
plump,  thick  bacillus  with  rounded  ends  {P/ct']f)r,  Pni>^z.  Znfiari,  J\'f)card,  Ihunjiu\  fhl- 
hiuiro,  and  others).  Other  forms  of  bacillary  i)seudotuberculosis  have  been  ohserve<l  in 
rabl)its  (F/urf/t),  in  birds  {}ft/ir),  in  the  cow  {('ouriitonl),  etc. 

?K  pK(  uihdiiIn'rrnl(tidH  dnv  to  Injphowycttvn  occurs  in  the  lungs  and  may  ])e  produced 
artificially  by  the  injection  of  dilTerent  forms  of  aspergillus  and  mucor;  but  the  alTec 
tions  so  produced  show  i)eculiarities  which  make  jmssible  a  differentiation  from  true 
tnl)erculosis. 

4.    FscfidotuhnrtdoHis  ntused  by  aninKd  jhtrafiittx  occurs  particularly  in   the  sheep. 
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excites  inflarriimitoiy  i^rocesses  of  the  iiio^t  varietl  intensity  and  exteut-^ 

from  11  Kiiiiple  lifrnl  ti'misitory  tiypeneniia  to  the  prodoction  of  lai^e  ex- 
iidcites  or  tuiiior-llke  ^nmuli^tioiis,  or  extensive  hyperplasia's  of  cuiinee* 


#*SW««^Ma.. 


m^ 


Fro,  4«tt,-lntttal   npl^Tti**!!!   falrnhnt,  ba^mnioxvilfu  Hjslfi).    a,  CorlQni.  &lljFhtly  ififlncupd:  h»  Initial 
aclcnifili;:  cotinwnlve  ttsmie  JnflltmUnl  witti  ot'lla;  c,  raptiirt^  of  tbo  rrlls  into  ttie  ettkb«lluLo  :  ft  f.  Ijmpti* 


live  tiiisne.     TIh-  rhihl  of  a  mother  Iiiferti^d  with  syphilis  may  receive  tho 
iiifeetioii  tlntni^^h  tlie  plafeiita. 

Jf  the  first  IVieus  of  inflammatioii  develops  at  thn  point  of  infeetion, 
whieh  is  usually  located  in  the  nkin  or  nmcons  membranes  (mottth, 
thi'<»jd,  iniifijsa  4^f  ^t>iiital  a]>parati»s),  there  is  formed  tii>it  a  papule 
^vhii'li  spreads  toward  the  surfiiee,  ami  Avitliin  ei*cht  to  ten  days  after  its 
apiHsirajiee  forms  scales,  oi"  nle*>rutes  and  si^eretes  a  siaall  amount   of 

sertms  or  jMiruletit  tlnid  which  driers 
to  a  seati ;  at  tlie  same  time  its  Imse 
lK-e<imt*s  liardtMied  and  forms  a 
thick  disc-like  or  a  thin  pan*hnient- 
like  de[>osit  in  the  sk  iu.  Occasion  - 
ally  a  vesicle  is  also  formed,  and 
this  t>iH*omes  an  erosion,  ami  then 
an  nicer  with  s<*anty  s<H'i'etion  and 
h living  an  in<lu rated  baise.  In 
still  either  civs^^s  an  nicer  is  fii^st 
fi>rnie<l,  and  the  lia.se  lx»coiaes  in- 
dnraJrd  sid^st^fpientj^^ 

The  induration  is  called  the  in* 
itial  sclerosis  or  thi'  Hunterian  in- 
dunrthn  (Fig.  489, /o  J  the  ulcer  is 
known  JLH  a  hard  chancre.  Tlie 
fornicr  is  caused  essentially  by  a 
cfdleetion  of  small  round  crlfs  (  Vifr^. 
4S9,  h;  49t>,  tf)  \n  tht^  spaces  of  tlie  ciMincctive  tissue*  Oecjisionally 
ejfitht'lioid  veftn  { Fi^,  49d,  h  )  and  mfhdtd  giant  veJin  are  also  formed  {^v% 
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FlciWt. -5=fKlrni  fmrn  asjrphJlItlf  tiUtlnl  wiPnv 
jilf  fa|('<fil:inl,  iiltiin  c-unni !>♦*).  ^i.  RnundHfeil  inflltni- 
tlnii;  h^  lftr(i»^  m«n<mu(iejif  fornitiUve  I'tilln;  /*,  mul- 
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Willi  these  changes  tlie  beij^ht  of  thc^  process  is  reaeliiHl ;  tlie  greater  i>art 
of  the  tissue  disiiifeKi"*^*^?^  ii'^l  iileenUes,  or  is  ab^M^^n■hed  sifter  disintegni- 
tioii.     A  part  of  the  eells  are  utiliztMl  in  tlie  foriiiatioii  of  seiir  tissue. 

Within  the  iin^a  of  Ihe  initial  sclert»sis  and  its  imiin-cliafe  iiei^hUiir- 
hood  tilt!  lymph  vessi'ls  (Fig.  489,  d,  r)  aro  (lilated  and  filled  with  Inim- 
cyte^  Later»  afler  (he  lapse  <d'  a  certain  ItMigth  oi  tiiur  the  lyaiph- 
glands,  tlie  skin,  and  the  mucous  inenihranes  heeoiui^  iuvolvccl  in 
iiirtanmjatory  proee>s«i'S  {syuiptimis  of  tlje  8*H'finihirv  stage  k  8till  latrr, 
there  follow  syphilitic  iullauimat ions  of  the  inti*rual  organs autt  the  hones 
(tertiary  stage).  These  are  in  part  like  otlier  non-syphilitic  intiarrnna- 
tions,  but  special  forms  of  grannlatitm  tissue  are  siant*tinH\s  prodini'd. 
The  syphilitic  atTectious  <d*  llie  skin  whicli  are  grnn()rd  nnder  the  trrnj 
syphiiides  ftnni  sonietinies  indy  vviX  spots,  smnetinn^s  Isirger  or  snialier 
papillary  elevations  wliieh  may  br  associated  with  I  he  formation  of  vesi 
cles  aud  pnstnles  a.s  well  as  with  tin*  prodnc(  imi  of  srales.      Acc(n'diugly^ 
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Fio.ifil,— eondvloma  Istum  anl  (ulroliol.  TJisrnnrclc-bn^wn).    a.  Homy  layer;  h,  miK^oiia  layer  of  tb© 

LiBpldcrnil.H :  o«  c'trrluiii ;  tt^  luimt^BM  tturny  lavir  inflUruied  wriUi  smiiil  fvlbs;  e,  swollen^  /.  swolk'n  tiHd  ia- 

WtmUNil  Tniicoujii  inyfr;  (/,  f^pitiiatlal  relh  I'onialiiltiij  rr^inrlf^ls;  h,frrnnti1iir  manNf^  of  rciNfnJtft;  U  MwntlfD 

papUlanr  Ijody  laflltraUMj  wlUi  f»eltii  uikI  Oiilrl ;  h,  mrUim,  swolkn.  wivl  mnitnittHl  wlthrrlls,  OiiM  miil  okii»c- 

ulftti!^!  Bltiiimin;  I,  dllut*^!  Iymi>b-ves«t'ls  llllfd  with  rlois:  tn.  awt^aufflmnhi.     <  IK). 


the  different  forms  of  (ndaneous  syphili*les  have  Imh^ii  calle«l  hy  diffei'ent 

names.  siS  follows:  Ihrnoht  Hjfphiiitmtf  imd  papithr,  rtmhnhrr,  jntMhifar, 
and  ith'vratirt'  HtfphilkJvs  an  well  as  a  pMtriamft  tttrphiliilcn,  A  I'onunou  ele- 
nietit  in  all  tht^.se  aifections  is  a  niore  ur  h*ss  uiarktHl  iidlamniation, 
which  Is  eharactrrized  particnlarly  by  a  tissne-inliltnititni  ami  in  part 
ii\iu^  by  proliferation.  Thus,  for  exampk*.  in  Ibe  htn^e  pttpifiar  Mtfphth'fif 
or  ri^ndifhtma  hit  am  there  is  a  heetlike  i^lcvation  of  the  skin  eauscil  t»y 
an  iiitiltratiou  of  the  papilhiry  hody  (Fig,  iiU,   i),  the  ctniuni  (I),  and 
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snlso  the  epithelium  (c,  /,  g,  h)  with  cells  and  a  liiiid  exudate  which  coa^u- 
Jlates,  eaiisiiig  hardening  of  the  tissue.  If  the  horny  layer  of  the  epider- 
:vuis  becomes  macerated,  these  masses  of  exudate  may  appear  upon  the 
rr-?urface,  and  give  rise  to  a  moist  condition  of  the  condyloma.  In  the 
^^ustular  syphilides  the  inflammation  leads  to  a  purulent  liquefaction  of 
"*he  epithelium,  and  in  the  ulcerating  forms  also  of  the  papillaiy  Ixxly 
2^  md  of  the  corium,  so  that  vlcers  result. 

Inflammatory  changes  similar  to  those  in  the  skin  ax)pear  in  the 
a=secx)ndary  stage  of  syphilis,  also  in  the  mucous  membranes,  particularly 
^Ljf  the  mouth,  throat,  and  respiratory  passages. 

The  syphilitic  lesions  of  the  tertiary  stage,  appearing  in  the  internal 
^u.irgans,  in  the  glands,  bones,  muscles,  subcutaneons  and  submucosal  tis- 
sr-mies,  in  the  meninges  of  the  brain,  etc.,  in  so  far  as  they  consist  not  only 
^^  )f  slight  degenerative  and  intiiunmatory  processes  or  hyperplasias  of  con- 
^^lective  tissue  without  characteristic  features,  appear  as  fonnations  which 
^  ire  usually  designated  tus  gummata  or  as  syphilomata  (Virchow).  In 
^S.t8  early  stages  the  gumma,  as  well  as  the  broad  condyloma,  repi-esents 
^  ui  inflammatory  process  localized  to  one  tissue-area;  but  the  gumma  is 
^^isually  more  rich  in  cells  and  undergoes  in  part  a  suppuration  or  cheesy 
^^lecrosis  (Fig.  492,  rf,),  while  in  other  portions,  particularly  the  periph- 
^^r^ral,  granulation  tissue  (rf)  and  later  connective  tissue  (rfi)  are  devel- 
■^■Dped.  The  gumma  occurs  particularly  in  the  periosteum  (Fig.  493)  and 
^^nembrane^  of  the  brain  (Fig.  492),  as  well  jus  in  the  parenchymatous 
'^^  >rgans  of  the  abdomen,  especially  in  the  liver  (Fig.  494,  a,  6),  spleen, 
^  Mid  in  the  testicles. 

In  the  meninges  of  the  brain  and  spinal  cord  syphilitic  inflammations 
^ead  in  part  to  cicatricial  thickenings  and  in  part  to  the  formation  of  en- 
^k:  ^psulated  cjiseous  masses.     Periosteal  syphilis,  which  occurs  most  fre- 
'^t  juently  in  the  flsit  bones  of  the  skull-cap  (Fig.  493),  and  often  in  the 
^Vacial  bones,  and  the  gi-eat  long  bones  (the  tibia),  and  may  extend  over 
"•rhe  greater  part  of  the  skeleton,   shows   likewise  the  character  of  a 
g-^ran ulomatous  inflammation  which  leads  to  the  formation  of  scar-tissue 
^  ind  new  bone,  so  that  osteophytes  or   hyperostosis  may  result.     Tne 
^^-severe  forms,  as  represented  by  the  formation  of  gummata,  have  a  'de- 
*>^tructive  action  upon  the  bones  and  lead  to  caries  and  necrosis.     The 
^^'resh  inflammatory  focus  appears  as  a  gray  translucent,  yellow  or  grayish - 
^^vhito  pus-like  focus  surrounded  by  hyperremic  tissue,  having  its  seat  in 
""^he  periosteum  from  which  it  may  also  extend  to  the  marrow.     The  yel- 
lowish foci  consisting  of  masses  of  small  cells  (Fig.  493,  c)  may  die,  the 
^C3ell8  losing  their  nuclei  (c?),  and  in  such  places  necrosis  of  the  bone  may 
^fir  ilso  result.     In  living  i)eriosteal  and  endosteal  tissue  there  occurs  a  new- 
^Vormation  of  connective  tissue  (e,  /),  which,  with  the  formation  of  multi- 
^^lucleated  osteoclasts  (ff)  and  the  formation  of  Howship's  lacunar,  leads 
^o  destruction  of  the  bony  trabecular     In  the  case  of  a  healing  of  the 
I(>rocess  this  connective  tissue  may  be  sigain  changeil  into  bone. 

In  the  liver  the  syphilitic  lesions  lead  to  the  formation  of  radiating 
connective-tissue  scars  (Fig.  494,  />,  r,  d),  which  often  enclose  cheesy  rem- 
^lants  of  the  original  inflammatory  focus  (a),  that  is,  a  caseous  gumma. 
*Tho  process  is  similar  in  the  other  organs,  for  example,  in  the  testicles 
^ind  in  the  spleen. 

The  disintegration  of  syphilitic  foci  of  the  skin  and  subcutaneous  tis- 
*<ue,  as  well  as  of  the  niucosii  and  subniucosji,  leads  to  the  formation  of 
Yilcers,  which,  in  the  cjise  of  the  mucous  membranes,  occur  most  fre- 
^iuently  in  the  region  of  the  mouth,  throat,  and  the  upper  respiratory 
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tract  (Fi^.  4J>5,  n),  Tu  the  neighborhood  of  tht*  nl^-ers  HrLsing  in  mucoiLs 
iiienihraijes  thvre  un*  im)1  iiifrLMiueiitly  fc>rni**il  i>ii|)iniii'y  prolifenitioim 
(Fi^.  41»5,  K  r). 

The  fuiist' iif  1  Up  frei|  11**11  f-  disiiit("*;i'iili<ni  ami  Jipcnjsis  omirriiig  in 
syiilulitic  iidluMiiiiuliiHis  li^s  in  tlip  [HM/uliar  tOianider  <»f  thi'  exciting 
cjULse  of  tlit^  <lis^ease.  A  s^m'oikI  faotiir  may  also  l>e  largely  rt'spoiisilih* 
for  this  mauuer  of  lerimiiatioii — oamely,  the  exteu^ive  partieipuliou  of 
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Fio.  i94.— Oumaia  hepatia  (almboU  ulyiii  rarmltieK  (k  Caseous  nodtile;  ft,  homofr^nwu*  cc»niiectlTe 
t1ii«i«^  p,  iiodQwUve  Umixv'  with  remiitn»  of  Uvt^r  tiseup;  tl,  cMinnwttvt^tljwMP  l>an<l9  radUitlnir  into  ib*' 
Urer  tissue;  r,  rdlulnr  ff»t'us  wi  ilw  edjri?  of  tht*  eudpuu;)  jKKlule;  /,  e^ lluiiir  fcM'iia  within  the  t^tmniiilvi*- 
tliMue  rays;  y»  liver  tissue.     •   II!, 

thp  lvlood-vc\ssel8,  particuiarly  of  the  arlerics,  in  the  iuriamiiuition. 
When  a  sypbilitic  iiiihuiiiuatioii  leads  to  the  formation  of  ^ramiUitioii 
tissne  or  to  a  eoniiet^livetissiie  hyj>erplasia,  t!ie  vensel- wails  also  bt*eoiiu* 
thickened,  iiartieiilaily  the  iatiiiia  (  Fi^*  Wl,  e),  bo  that  the  vessel  Ititneu 
is  narrowed  ami  not  infreq neatly  ecnnplelely  closed.  OccasioaaJly  the 
syphilitic  proeess  is  bicalized  ehietly  in  the  vessels. 

fiesi(h*s  the  pecnliar  foci  of  intiamnialion  wliich  point  to  a  looalizu- 
tion  of  theexeitini^  eanse  of  syphilis,  there  not  infretinenlly  oecur  in 
individnals  who  have  snft'ered  a  syphilitic  infeetion  spirilic  dt'gviifntfium 
uf  the  a'fttrat  turn nt >! ntfiit cut  (lalics,  pi'o;^ressive  paialysis),  which  are  asso- 
ciated with  proliferations  of  nenro^lia.  Nevertheless,  these  affeefioiis, 
thongb  rei^arded  asllie  Mrqtukr  of  HyphUm,  jnesent  histolo^cally  no  perul* 
iarities  chanicteristit*  of  syphilis,  and  iiccnr  in  tlte  same  form  iu  other 
individnals  win*  have  never  had  a  syiddlilic  infeetion. 

Hereditary  syphilis  is  characterized  cliietiy  l>y  pecnliar  tissue  ^changes 
which  differ  eonsideraldy  from  the  mauifestatioas  of  acqnired  syphilis, 
bnt  chancres  also    oi*ciir    w  hi<4i    conespoiid  to  the  latter*     In  the  skin 
hereditary  syphilis  jnay  cans(*  macular,    papnlar,   and  pustular    syplii 
lidcs  which  nmy  lead  1o  idceration.     The  livei\   kidneys,  adrenals,  and 
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the  bones  iiiuy  show  (!irc«nis(*rn>e*l   lie* 

erotic  fnei  or  iiidtiiiiuratory  t'elhihir  iiifil- 

IratioiLs.     Tlte  spleen  is  uwuiilly  in(nv  or 

h*s,s  ejilai'^eil,    and    in    iiuJividuiil   eiis**s 

may  aU^iiu  ten  times  ils  normal  volomi\ 

In  Ihe    liver   there    neeni-  intravasenlar 

ami    perivaseiihir   enlltH'tinns   of    ronnd 

eells  whieh  nftvn  eoMt'et  in  small  eios<*ly 

paeketl  Toei ;  aKsot'iatp^l  with  thes<*  tlieie 

is  a   periportal   iiew-fin'ination    of   ei»n- 

net'tive  tissne.     There  is  als(»  a    (Hffnse 

liyp<M*phisia  ot>onne('ti\  t*  tissut^  Hiron^ih- 

oiii  tln^  entire  liwr  (Fi^.  VJVk  *K  />),  ^\\- 

in^  to  till*  orfjan  a.  (inn   eonsisttvnee  and 

apeenliar  yelhiwisli  hmwn  eoioi',      Fnr- 

ther,  thert^  is  also  a  jiinltfinatiun  or  eon- 

neetive  tissno  limifeil  lo  the  peripnilal 

tisttue.     Tin*  lnny;snmy  ja'<*s<Mii,  lhioni;h- 

out  or  in  i>arL  a  tlensi'  ^ray  iH'  |:frayisli' 

white  strneture  resenililin^  that  of  sar- 

eomatissne.     Tliis  appearanee  is  ilne  to 

tlie    fnrnmtion  in  the  altered  area  of  a 

eellnlar  *'onneetive  tissue  (Fi;£.  4^7,    <f, 

b)  whieh  rontains  only   iniperfetily  ch»- 

vet  oped   alvef>li   U%  *\)  nHtl  lironflii   « 

rf^)or  none  at    alL      In  eases  of   sli<;lit 

sevorily  then*  exists  ludy  a  thi«*kenin^ 

of   the  perihronrhial    and    perivaseidar 

tissue  and  lateral vo(»hir   st*pta,  in    part 

assoeiated  wiMi    an    aeenmidatioii   of    desipiamated  epilhelinm    in    tin 

alveoli.     In    the    kidneys   and  testick*s  the  sni»p*nl!n^^  e«»nneetivo  lis- 
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Fio.  itfcii  SvphnUli'  uUfranMiJ  of  the 
Iftrvnx.  SmrilUiI  s  cr ion  yinuu^rh  tht* liirinx 
mid  (nn'heii.  a,  Uk-iTt  fi,  llilclieninin'  «nil 
pHj^illttiy  iin>llft^nitl»uji<  on  tiu*  iiJliflMtits ;  v, 
thU'keniojw  unil  papllliirv  prrjIlfHniUnrjs  on 
the  left  Willi  uf  na*  lar>D]t  mut  tli*>  Kti(w- 
rlt>r  [hyrtJH^trylt^nolil  tlfziimetit.   NmnrulM/o. 


WWmm^ 


W^tM' 


Ffrt.  li»L    Jndurutltm  of  Ihe  liver  111  ronfTfiillul  !<y|ihlH*  (MilllerS  lluifj,  huHiiatojcrlhi,  »«rMliiii.    a,  Ht- 
pertrt»tibM  i»rl»M>H4iJ  njniitHlive  Unflut;;  b,  liiJuniUHJ  Kliiud  tissue  IntlUmtBd  wlih  wniK^'tivt*  limtie;   c, 
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sue  may  like\vis<*  be  lucreaMnl  in  phi<'(%  and  iiUHLU'rually  rU-h  in  cells. 
Si/phiNs  ttho  u/frti  ntu^rtt  in  f/Ianthdftr  on/dm  tt  pathohf/icftl  dft'etoprntut 
of  the  rtynfiei-fire-thKHttr  fhmentft  and  eoHfTtiom  of  celh,  while  the  epi- 
theliiil  tissues  are  retarded  iu  their  developineiit.  In  the  blood  the 
number  f»f  white  ec^rpimeles  appears  often  to  he-   increased.     Finallj', 


Fir.  4i>7.— Chanui^  in  the  luiijr  tn  c^mirt'iiltiil  svprillia  f  Mflllf»r'^  tluirl,  hji'itiHU>xylin»er)»iriK  a,  PrnllW 
ftt<ntf  strnrrm  rich  in  <*»JI«;  h.  trllulur  (^mnuliiitt^n-ftMH^  r,  ari**rv  wiiJi  ihU  kf^n^fiil  ailvenlitta ;  rf,  dt  prlnTi<1- 
Itki?  bnmchL  Which  iti  part  id^)  i'tmiiL\nih^f**innuun*'ii  *'ptiht*Hum  aint  roumt  cells;  r,  rj,  alTei:>li,  which  li» 
part  (f'i»  c-tmiajri  ik'^iuuitmlcd  cpllhHlLiin  tiiiil  rtiLiiiirJ  celbi.     :•:  5^. 

there  not  infreqiuMitly  oeenr  in  the  btnies  fItMirtrbatice.s  of  rtirh^rhtnulral 
mHtJicadoiK  which  an^  ehsuaeterized  ehiefly  by  irrefrnlarity  in  the  foniia- 
tion  of  the  nieilnilary  euvity  and  in  the  deposit  of  linie-sidts  in  tho  car- 
tila^i*,  aii*l  leatl  in  distnrlianees  in  the  stnietnre  of  tlie  snbehoiidral 
sponjiry  bone- substance,  Throii^di  the  ftirniation  of  ^jrainilat  ion -tissue 
proli feral i4ius  wiiieh  undergo  eiiseous  ne(*rosis,  larger  dt*feets  laay  arise 
iu  the  bone  substance. 


It  lius  t>t'cn  asisumed  by  many  authors  that  Kj^^ihiUs  ca«i  Ix^  transmitted  to  tlip 
fcptUH  not  rmly  ihniugli  tlip  motlifr  but  also  fruni  ttie  fatlier  through  the  s|>eriii,  anci 
that  (hr  latter  event  can  orcur  without  tlie  niotiier  heconiin^  infer  ted  vritU  syphih>. 
Mafzenauer  opposes  tiiis  view  and  dedarew  that  no  clinical  oli.servations  exifit  that 
exclutle  the  t ransmi.ssiun  of  lues  thmii^h  the  mother,     (See  ^  IH,) 

AeeorJinj?  to  Hlasvfikn  ^ /itr/.  kh'ti.  l\arh.,  HK}K),  Was^eniiann's  "  conipletueia- 
hindin^  "  tent  for  syphiliw  is  n^liahle,  in  thai  it  never  given  positive  findinp  in  the  c«»r- 
taiii  al>sence  of  syphilis,  (implement  ir*  added  to  an  inactive  st^nim  obtained  from 
apes  previously  tnnitiMl  witfi  or^tan -ex tracts  or  senini  from  a  syj>hilitic  man.  After  a 
certain  time  the  s*^rum  thus  tmated  i.s  tested  with  an  inactive  Kpecifie  ha»molytic 
Ht^ruin  and  its  corrf\'4pondintf  red  eelJs  to  see  if  the  complement  Ls  wh»>lly  or  partly 
anchored.  Inliihition  of  hiemo1y«iK  oeenrs  in  tlie  ea«e  of  a  .seruju  rt^snlting  from  tlie  use 
of  syphilitic  material. 
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§  173.  The  Bacillus  leprae  (described  by  Neisser  in  1879  and  1881, 
and  by  Armauer  Hansen  in  1880)  is  a  small  slender  biicillus,  from  4  to  6  m 
long.  It  is  regarded  as  the  cause  of  leprosy — also  called  elephantiasis 
Grcecorum.  It  is  found  constantly  and  in  great  numbers  in  the  diseased 
tissues  (Figs.  498,    499,  500) 

The  foci  of  disease  in  leprosy  are  in  genenil  characterized  by  a  pro- 
liferation (Fig.  498)  which  ccmsists  of  cells  of  different  sizes  and  of  a 
fibrous  ground  tissue.  The  bacilli  lie  sometimes  between  (c),  sometimes 
in  the  cells  (^,  d),  and  in  tlie  latter  ai)pear  usually  in  such  great  numbers 
that  the  cells  may  become  greatly  swollen  {d)  and  in  part  become 
changed  into  mono-  and  multinuclear  giant-cells  (Fig.  4D9).  The  latter 
occasionally  enclose  large  vacuoles  which  contain  great  numbers  of  bacilli 
as  well  as  the  granular,  thready  detritus  of  the  liquefied  protoplasm. 
The  nuclei  remain  preserved  for  a  long  time,  and  are  pressed  to  the  pe- 
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Attempts  to  cultivate  lepra  baeilH  have  led  to  no  important  reaiiltH, 
since  the  hacilli  *>btuiijed  in  the  euitures  eimld  uot  positively  be  ideoti^ 
fied  as  lepra  liaeilli.  In  the  tninsp  Ian  tali  uii  of  leprous  tissues  into  aiii- 
imils  there  occurs,  of  eoiirs<%  a  traiisiilaiitiii^  of  the  baeilii,  but  the 
latter  do  not  multiply  aiul  m>  progressive  disease  results. 

The  iufeetiou  of  niau  takers  plaee  by  a  direct  or  indirect  transfer  from 
individual  to  iudividuiiL  The  uas^il  secretion  is  especially  infectious 
(Stiektsr),  particularly  wheu  lejjrous  suppunitious  are  prestvut  iu  the 
nose,  Iu  the  cas*^  of  le]iTons  alTectiojis  m  the  respiratory  traet  the  spu- 
tum may  contain  bacilli ;  and  in  ilie  formation  of  nodules  and  uleers  in 
the  skin  the  si^cretiojis  from  the  latter  may  also  contain  the  bacilli. 
Contagion  sii^eujs  to  result  most  frequeutly  from  the  nose  (Sticker)  ;  iu 
favor  of  this  view  speaks  the  fact  that  the  anterior  nasal  regitui  is  usu- 
ally involved  very  early*  The  Iwn'illi  are  spreail  througliuut  the  body 
chieliy  by  the  lymphatic  system;  but  they  may  also  get  into  the  blofjd- 
streauK 

fiesides  the  nose,  the  skin  and  the  peripheral  nerves  are  chiefly  eon- 
oerned  iu  the  disease;  but  the  Ijacilli  may  multiply  iu  other  tissues,  as 
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in  the  tei^ticles,  liver,  in  the  g-auglia,  and  in  the  spleen,  thereby  giving 
rise  to  foci  of  diseas*^  in  the  organs. 

At  the  place  of  colonization  tlie  baciJli  excite  intlammatiou  with  tis- 
ftue-proliferal iini.  ( i rannhit iuu  tissue  ci uitaiuing  blood-vessels  is  formed ; 
this  remains  fc*r  a  huig  time  in  a  comiitiou  which  is  chai^ac^terized  by 
great  riehness  in  cells,  and  forms  the  basis  for  nodules  and  tumors  iu 
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the  skin  and  nose  and  for  spindle-shaped  thickenings  of  the  nerves,  atid 
is  the  cause  of  the  irritation  and  later  of  the  degeneration  and  destruc- 
tion of  the  nerve-fibres.  The  bacilli  and  the  tissue-proliferations  caused 
by  their  multiplication  often  group  themselves  in  the  skin  about  the  hair- 
follicles  (Fig.  500,  d),  the  ducts  (/),  and  the  coil  (g)  of  the  sweat- 
glands,  but  such  a  relationship  is  not  always  to  be  seen  (h).  Moreover, 
the  bacilli  may  penetrate  into  the  blood-vessels,  the  hair-follicles,  and 
sweat-glands  (Touton),  and  thence  on  to  the  surface  of  the  skin.     Infec- 


FiG.  502.— Lepra  ansestbettea  ulcerosa  of  tbe  leg  and  foot    (After  G.  MQncb.) 

tion  of  the  arterial  walls  causes  a  proliferating  arteritis,  by  which  the 
walls  become  greatly  thickened  and  the  lumina  narrowed.  In  the  ner- 
vous system  the  bacilli  are  found  both  in  the  connective  tissue  and  in  the 
nervous  elements,  particularly  in  the  ganglion  cells  (Sudakewitsch). 
The  cells  occupied  by  them  undergo  degeneration  in  the  course  of  time, 
occasionally  with  hydropic  swelling  and  the  formation  of  vacuoles. 

The  tissue-proliferations  caused  by  the  growth  of  the  bacilli  may 
almost  wholly  disappear  through  the  disintegration  and  absorption  of  the 
cells  after  the  condition  has  lasted  for  years;  but  there  always  remain 
indurations  rich  in  cells  and  pigmentations  in  the  skin.  Ciiseation  never 
tiike^  place. 

LeproHij  of  the  skin  occui's  especially  in  the  face,  on  the  extensor  sur- 
face of  the  knei»s  and  elbows,  as  well  as  on  the  back  of  the  hands  and 
feet.  It  begins  with  the  formation  of  red  spots  which  either  vanish,  leav- 
ing pigmented  spots  l)ehind,  or  become  elevated  into  nodules  of  a  brown- 
ish-red color  {lepra  tuberosa  »ive  tube^rculosa  ftire  nodosa).  In  the  region 
of  the  red  spots  the  tissue  contains  large  numbers  of  bacilli  (Philipson), 
which  for  the  most  part  lie  within  the  vessels,  and  already  at  this  stage 
the  proliferation  of  the  tissue  can  be  demonstrated.  According  to  tlie 
investigations  of  Miiller  the  vesicular  eruptions  which  occur  in  leprosy, 
and  were  formerly  regarded  as  the  sc^quelai  of  the  leprous  disease  of  the 
nerves,  are  caused  by  the  presence  of  the  bacilli. 

The  nodules  may  remain  unchanged  for  months,  or  they  may  increase 
in  size  and  become  continent,  so  that  very  large  protuberances  may  be 
formed,  which,  because  of  the  distortion  of  the  face  thereby  occasioned, 
have  given  occasion  for  the  designation /rtnV'«  leontina  (Fig.  501). 

Through  exfenuil  injluetwes  ulcers  may  be  produced  which  show  no 
tendency  to  healing.  New  nodules  appear  occasionally  following  ery- 
sipelatous reddenings  and  swellings  of  the  skin.  The  glands  of  the  sub- 
maxillaiy  and  inguinal  region  swell  to  form  very  large  nodules. 

Leprosy  of  the  nerves   {hpra  nervorum  sive  anwsthetica)  leads  first  to 
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hyi^eni^stlies^ia  and  piiiu,  later  to  suia^stheBia,  more  rarely  t-o  motor  panil>- 
seH  in  thpi  irgioij  of  tlioaffe<^ti*cl  iii*r\es.  Tlit*  further  conseqneiiees  of  tla* 
iliseaHC  of  t  be  iiin'vt*8  are  disliirl>aiKH's  \vhii^h  ex]>ress  themselves  iti  tin* 
skio  by  thefunnaliou  of  Adiite  and  brt>\vii  spots  {/rp/v/  tiun-ftftmf^  tntwufo- 
afia-Jiihdmr,  morphmi  uiijnt  rf  itihtt),  Jiiitl  in  the  1  Mines  and  iiniseles  by 
atrophy,  Hinee  those  suJferin^'  tmni  the  4lis(»ase  are  likely  to  injure 
themselves  alter  the  appearance  of  ana^stliesia,  ideers  aie  often  formed 
at  a  later  period  (Fius.  oOl»,  r»0:{)  wliieh  eiinse  deep  erosions  jiihI  ai:i\ 
lead  to  the  loss  id^  eidire  jdialauges  (lepra  mutiiam), 

Tje|iro8y  of  the  skin  and  of  t lie  nerves  are  usiiaUy  <'oiHt>ined;    more 
larely  do  they  oeeni'  alone,      Besides  the  \msn\  skill*  and  n(^rvi\s,  the  een- 
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tral  nervous  system,  niiieHiis  m*niihranes,  eurneap  tlie  eartihij:je8j   liver, 
lungs,  s|»leen,  lynipli-j^^laiids,  and  the  testieles,  Ijeeonie  diseased. 

In  Kuro|ie  leprnsy  is  eimtined  jnaiuly  to  Norway,  Sweth^u,  Finhiud, 
the  Baltie  84-a  iirovim*es  of  liassiiu  and  the  eoasts  of  the  Mediterranean; 
hut  oeeurs  spoi'adieally  in  other  re^i4)ns.  It  oeeiirs  very  frequeotly  in 
Ilindnslan,  I'hina,  Sumatra,  F»orneo,  Java,  and  Mexieo,  on  the  northern 
auil  eastern  eoasUs  nf  Siailli  Amei'iea,  in  tapper  and  Lower  Ciuiuea.  in 
Cape  Colony,  and  on  the  northern  eoast  of  Africa. 

Ijei>ro.sy  is  nrt'Viik'iit  in  Me\"icn.  tiie  Wesr  iiulies.  and  in  the  Philippines^  and  viu^c.'? 
i\w  found  in  New  Jirnnswick  an<i  *»thc'r  parts  cif  i'tinailiu  CnseH  art?  also  scatteTOd 
ihrou^houl  the  Tnitcd  States,  the  nios*t  inj[>i>rttuit  centres  l>eing  in  Louisiauii,  Calif*tr- 
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nia,  and  Minnesota.     According  to  a  Senate  report  of  1902,  there  were  at  that  time 
278  known  cases  of  leprosy  within  the  borders  of  the  United  States. 
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^  174.  The  Bacillus  mallei  is  a  bacillus  discovered  by  Loffler,  Schiitz, 
and  Israid  in  glanders  foci,  and  later  eontirnied  and  studied  by  Weich- 
selbauni,  Kitt,  and  others.  It  istolx*  re^rarded  as  tbecause  of  s^landers 
(niallruH,  )nali(('Smus)  and  of  farri/  (,ski)i  (/latuhrs,  mallnis  fam'nitnoKHs), 
a  contagious  di.s(»ase  of  horses,  which  occurs  in  man  chiefly  througfb 
transmission  from  horsi^s. 
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The  glanders  bacilli  are  xmy  Rniall,  slender  rods,  which  oceiir  in  the 
dise>a8eU  foei.  soinetimes  s*'iittt»red,  s^viuetiines  lying  togeMier  in  si  null 
flumps.  Alkaline  niethylenehlue  ar  gentian- violet  is  em  ployed  es- 
peeiully  for  their  stiiiiiing; 

The  baeilH  are  ]i  resent  chiefly  in  thcglaiiders  foci,  but  at  times  appear 
in  the  blood  uf  the  alTeeted  iiitiividnal  ( LotTler,  Kitt). 

The  bacilli  grow  at  a  teniperuttire  of  30^-40"  C,  upon  coagulated 
blood-serum,  as  well  ius  npou  slices  of  boiled  potato,  and  njHai  pi>tato- 
pap.  Upon  the  latter  they  form  a nilx^r  yellow  e*iatings  that  later  be- 
come red.  ITjMni  hltHKiserum  they  form  small  yelh>wish  transparent 
drops  whieli  later  become  milky  white.  ITpou  agar  tiie  colojiies  ar** 
(Tfayish  white.  In  cultures  club  .sha]>ed  forms  and  threads  are  Uiit  infre- 
ijueutly  seen.     Spore  form  at  ion  has  not  Wvn  demonsti-ated. 

Horses,  jusses,  sheep,  yoang  dogs,  gnats,  eats,  gniuea-pigs,  anil  tield- 
mice  are  suitable  ft»r  inoenlatiou.  In  cats,  after  inoculation,  therr 
develop  in  the  testicles  eel hUar  foin  consisting  essentially  of  Icncocytes 
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WlQ,  !^H.—iilikutier»  of  a  c*t'*  testicle  (MQUer^s  fluids  haematoxylint*    n,  S<»inlnif«M*ou5  tubules; 
tut»uL<f9  flllM  Willi  leucucyies ;  d.  fot^l  of  leyout-y les  In  ihe  Odonei'llvi*  tliaue,    >:  90. 
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{Fig.  504),  which  lie  partly  inside  the  canalicnli  {b,  ej  and  partly  aronnd 
^hem  {>/).  The  infection  of  tlie  pus  of  glanders  into  the  peritoneal  ea\'- 
^ty  of  male  guinea  pigs  canses  the  testicles  to  swell  Tfipiflly  (Htnins). 
-jy'ter  Hul>eutaneous  inoculations  ulcei-s  dcvelo|>  at  lhes<*atof  iuocnia' 
^ioD,  followed  by  sweHing  of  the  neighboring  lymph  glands.     Letter,  nod* 

n!e8  may  develop  in  the  internal  tn-gans,  and  uh'ei's  may  be  formed  in 
^he  nose.  Typit^al  glanders  may  Ih^  prudnceil  in  hors«^s  and  asses.  Cattle, 
^'^'liite  mice,  and  lioust* -mice  are  immune. 

The  usual  atrium  of  infection  in  hoi*H*^s  is  the  mucons  membrane  of 
^lienos*^;  following  this  is  the  invohenient  of  the  sahmaxillary  ghuuls, 
-^ind  further  a  metastiusis  in  varions  organs.     In  the  na.stU  nincosa  thn^ 
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arise  as  the  result  of  the  infection  either  diffuse  cellular  infiltrations  of 
the  mucosa  or  subepithelial  nodules  of  the  size  of  a  millet-seed  or  a  -pes,. 
In  chronic  farcy  of  the  skin  larger  nodules  are  developed  which  join  to- 
gether in  rows,  forming  worm -like  cords. 

The  nodules  of  tlie  mucous  membrane  break  down  easily.  The  cells 
of  which  they  are  composed  bear  for  the  greater  part  the  character  of  pus- 
corpuscles.  Through  the  disintegration,  softening,  and  suppuration  of 
the  nodules  ulcers  with  yellowish  infiltrated  basesare  formed.  These  en- 
large through  a  progressive,  nodular  or  more  diffuse  infiltration  and 
subsequent  disintegration  of  the  edges  of  the  ulcer,  as  well  as  through  the 
confluence  of  neighboring  ulcei's.  Horses  dying  of  glanders  often  present 
in  the  mucosii  of  the  nasal  septum  very  extensive  irregularly  shaped, 
sinuate  ulcers,  with  eroded  edges  and  floors  covered  with  gray  and  yel- 
lowish material.  In  iuldition  to  these  there  are  numerous  small,  lenticu- 
lar ulcerations  and  gray  or  yellowish  nodular  foci  which  are  on  the  point 
of  breaking  down.  The  whole  process  is  closely  related  to  purulent  in- 
flammation. The  healing  of  the  ulcer  is  characterized  by  the  formation 
of  radiating  seal's. 

The  cervical  lymph-glands  are  constantly  swollen  and  inflamed.  Of 
the  internal  organs  the  lungs  especially  are  involved.  They  contain 
either  nodules  having  a  caseated  and  disintegrated  centre  and  a  grayish 
cellular  periphery,  or  foci  of  lobular  pneumonia,  which  present  either  a 
clear  gray  or  a  more  htemorrhagic  appearance,  or  through  fatty  and 
cheesy  metamorphosis  become  opaque  and  yellowish- white.  Occasionally 
the  mucosa  of  the  alimentary  tract  contains  nodules  of  varying  size,  in 
part  clear  gray  and  consisting  of  cellular  tissue,  in  part  opaque  yellow- 
ish-white, undergoing  caseation  or  approaching  suppuration.  Tlie 
sj)leen,  livei*,  kidneys,  and  bone-marrow  may  also  contjiin  nodules. 

In  farcy,  whi<h  runs  a  more  chronic  course  than  glanders,  there  are 
formed  in  the  skin  and  muscles  nodules  consisting  of  a  small -celled  tissue 
Avhich  later  undtMgoes  retrogressiv<*  metamorphoses,  ciuseates  and  disin- 
toj;  rates. 

In  man  nn  infection  with  glanders  takes  place  usually  through 
snuili  wounds  of  the  skin,  but  may  also  occur  primarily  in  the  mucous 
membranes  adjacent  to  the  skin.  In  the  skin  and  subcutaneous  tissue  it 
<;ives  rise  to  roseohir  spots,  hicniorrhages,  and  papular,  nodular,  and  pus- 
tnkir  exanthemata,  caibuncnhir  an<l  ])hk'gmonous  inttaiimiations  which 
may  result  in  sn|)j)uration,  an<l  to  i)nrulent.  inflammations  of  the  lyinj)!!- 
\cssels  and  lym])h-glan(ls.  In  the  niucosji  of  the  respiratory  tract 
catairhs  an*  jnTHlnced  and  suj)purating  nodules  and  nodes  are  formed, 
leaving  ulcers  l)ehin<l.  In  the  internal  organs  metastatic  small-celled 
nodules  are  foiined,  showing  a  tendency  to  supjmration;  also  extensive 
abscesses  a  n<i  ])nrulent  infiltrations,  especially  in  the  muscles.  In  chronic 
I'ai'cy  which  may  last  for  years,  large  nodules  are  occasionally  formed  in 
the  skin  an<l  muscles  which  through  disint(»gration  give  rise  to  ulcers 
which  heal  with  difhcnlty.  For  the  diagnosis  of  the  condition  the  bac- 
teiiologieal  (examination  and  inoculation  exi)eriments  are  necessar3'. 

Acconliiii^  to  I  lie  investigations  of  Kalninf/,  Preume,  und  others,  an  active  poison, 
///////////,  may  be  extracted  from  enltnres  of  /^landers  baeilli,  which,  when  injected  in 
small  doses  into  horses  sick  of  glanders,  causes  a  febrile  rise  of  temperature,  and  may 
be  used  as  a  diagnostic  aid. 


RH INOSCLEROM  A . 


657 


Literature. 


(Glanders  ami  the  GlanderHhaciUm.) 

^^>ea:  Observations  sur  la  mor\'e      Arch,  de  m^.  exp.,  iii.,  1891.     Ann.  de  I'lnst.  de 
path,  de  Boucarest,  ii.,  189.3,  vi.,  1898;  BekAmpfung  d.  Rotzes.    Z.  f.  Hyg.,  39  Bd., 
1902. 
^  Baracs:  Chron.  Rotz  beim  Menschen.     Virch.  Arch.,  159  Bd.,  1900. 
gaM:  Die  Rotzkrankheit  der  Pferde.     Deut.  Zeitschr.  f.  Thiermed.,  xix.,  1893  (Lit.). 
j^omgarten:  Zur  Frage  der  Sporenbildung  bei  Rotzbacillen.    Cbl.  f.  Bakt.,  iii.,  1888. 
^Ardoui-Uf&reduzzi:  Ueber  die  Kultur  der  Rotzbacillen.     Zeitschr.  f.  Hyg.,  iii.,  1888. 
^f^ischke:  Chron.  Rotz  d.  Haut  d.  Menschen.     Arch.  f.  Derai.,  36  Bd..  1896. 
^^d^tic  et  Malet:  Et.  exp^r.  de  la  transmission  de  la  morve.     Rev.  de  in^d.,  vii.,  1887. 
Pieman  and  Ewing*:  Septicemic  Glanders  in  the  Human  Subject.     Jour,  of  Med. 
^^     Res.,  1903. 
r^^'^aJ:  Morve  humaine.    Arch,  de  m6l.  exp.,  1896. 
jg^^r:  Ueber  Rotzlymphe  (Mallein).     Cbl.  f.  Bakt.,  xi.,   1892. 
j^^*^»i€sh:  Rotz  beim  Menschen.     Beitr.  v.  Bruns,  xvii.,  1896. 

•^y^g'er;  Zur  Frage  der  Immunitat  u.  der  Phagocytase  beim  Rotz.     Beitr.  v.  Zicgler, 
^  vi.,  1889. 

j^»^i^:  Das  Mallein.     Fortschr.  d.  Med.,  xiii.,  1895. 

•^^*^c:>'fc1iiTighani :  The  Diagnosis  of  Glanders  by  the  Straus  Metho<i.     Jour,  of  Med.  Res., 
1901. 
^^•-XXl-Valerio:  La  morphologic  du  B.  mallei.     Cbl.  f.  Bakt.,  xxviii.,  1900. 
^^^  "fc   i  i  ui  nil  i :  Chron.  Rotz  beim  Menschen.     Zeitschr.  f.  klin.  Med.,  xvii.,  1891. 
wc^'^^L^pe:  Mallein-Rotzimpfungen  bei  Pferden.     Deut.  Zeitschr.  f.  Thiermed..  xix.,  1893. 
^—       m^  ahlden:  Rotz.     Eulenburg's  Realencyklop.,  xx.,  1899  (Lit.). 

f':  Ein  Fall  v.  chronischem  Rotz  beim  Pferde.     Zeitschr.  f.  kUn.  Med.,  xiii.,  1887. 
mpfrotz  bei  Waldmausen.     Cbl.  f.  Bakt.,  ii.,  1887. 
£.^er:  Rotz  beim  Menschen.     Virch.  Arch.,  39  Bd..  1867. 

^^ainche  et  Montana :  Anat.  Path,  de  la  morve  pulmonaire.     Arch,  do  T Inst.  P., 
^vii.,  1893. 

Die  Aetiologie  der  Rotzkrankheit.     Arb.  a.  d.  Kais.  Gesimdheitsamte,  i.,  1886. 
Vallum :  Hamatogcner  Luneenrotz.     B.  v.  Ziegler,  xxxi.,  1903. 
t:  Morphologic  d.  Rotzbacilfus.     Cbl.  f.  Bakt..  xxv.,  1899. 
ar:  Rotzbacillus  u.  Rotzkndtchen.    Cbl.  f.  Bakt.,  xxvii.,  1900. 
^"^^g;  Zur  pathol.  Zootomie  d.  Lungenrotzes,  Leipzig,  1877. 
"■"^^y:  Morve  chronique  de  I'homme.     Arch,  de  m^.  exp.,  ix.,  1897. 

^Hb:  Essais  de  vaccination  contre  la  morve.     Arch,  de  m<kl.  exp.,  i.,  1889. 

»clii:  Rotzmeningitis.     Virch.  Arch..  130  Bd.,  1892;   Wirkungd.  Einimpfung  d 
fix>tzes  in  die  Nervencentra.     Beitr.  v.  Ziegler,  xiii.,  1893. 
L^Qxniroff:  Rotz.     Handb.  d.  pathog.  Mikroorg.,  ii.,  Jena,  1903  (lit.). 
^«^-*^or:  Chron.  Rotz  beim  Mcnsclien.     Z.  f.  Hyg.,  45  Bd.,  1903. 

^-^^^  ^  175.  As  the  Bacillus  of  rhinoscleroma,  Frisch,  Pellizari,  Chiari, 
yj|'^^^**:^nil,  Alvarez,  Kobner,  Paltauf,  von  Eiselsborg,  Dittrich,  and  others 
.  ^^"^^^  described  a  bacillus  with  rounded  encLs,  which  is  constantly  present 
^}^  "fche  diseased  condition  known  as  rhinoseleroma  or  scleroma  respira- 
^^^^^^^m  (Bornhaupt,  Wolkowitsch),  and  is  therefore  i^egarded  as  the  cause 
^  J^  '•^'■le  same.  It  stains  best  with  methyl-violet,  the  sections  being  left  in 
^?^^^  stain  for  twenty-four  to  forty-eight  hours.  After  staining,  the  sec- 
^'*^^^=^8  are  treated  with  iodine  water,  or  left  in  absolute  alcohol  for  one  to 
_^*'""^3e   days.     The  bacilli,  for  the  greater  part,  possess  a  hyaline  capsule 

^^^  are  closely  related  to  the  pneumonia -bacillus  (§  166). 
j>  Rhinoseleroma  occurs  chiefly  in  eastern  Austria  and  southwestern 

j^^J^^a;  isolated  cases  have  been  observed  also  in  Silesia,  Italy,  Egypt, 
^^^-*8ium,  Sweden,  Switzerland,  and  Central  America.     It  is  a  chronic 


^.^     — ^««oo  progressing  for  years,  beginning  in  the  nose  (Wolkowitsch),  more 
^^^^\y  in  the  pharynx,  larynx,  or  palate,  and  extending  thence  to  neigh- 
^^iig  parts — the  external  nose,  lips,  lachrymal  duct,  trachea,  etc.     In 
42 
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the  nose  the  disease  is  eharaet<?rized  by  ii  thickeuini^  of  the  tiassd  wall 
which  \h  sometimeK  diffuse,  sometimeB  elevated  or  nodular.  The  exter- 
nal 8k in  lakes  on  a  red  or  brownish- red  color,  becomes  s^tiff  and  tissnred 
and  covered  with  s<*aleK  In  the  throat  and  respinilory  tract  dense,  car 
tUajjje-like  infiltrations  are  sometiiiies  prpsc*nt»  at  other  times  a  contract- 
ing cinitricial  tissne  is  ftnnied.  The  infiltrations  may  appear  in  the 
form  of  nodes  and  nodules  or  its  elevations  iiud  flattened  ai^as  of 
thiekeninj^,  or  they  may  be  spread  out  more  diffusely.  By  the  transfor- 
mation of  the   iufiltnition  into  scar  tissue  marked  deformities  of  the 


4  « 


Fig.  "in6. 


Fig.  rm. 


Fio.  5n5,— Swtion  t»f  rhinasc'lLTomnToiis  lissun,  with  niimeroua  (lf»irenpraU?<l  imd  tftcuolAted  cells  contaln- 
iDK  iMWtlM  (mmiv  jwia,  hanuHtoJtYlliii.    PrejmmlkJn  by  St«»pttiiow.     ;<  3411. 

Fin.  We.-^Mis  Ifi  conclJtlon  nf  byulJQi'  tl<:«em»nitkiiL,  and  UyiiiiiiF  snbeniles^  from  rfilnuBctemmaroits 
tlssimnf  ii>e  vmiii  ittrii  an4  ot  th»^  n»«e.  l*Tvparatloii  hy  Stti(»unw.  n,  h,  v.  J,  Hyallnt^eg^'DHrutjed  c*  lis 
ronlalnlDp  muali  hMiilll :  r>  hTaltnt- ci^ltM  with  t^nrA|»HiiliiU"<l  liacllli ;  A  y.  retls  wJth  brallne  Kpbpnil-s;  h, 
(n^^  hviiilDe  s*itbf rtilea.  a,  ft,  t ,  ff,  RLaliK^d  with  J^^fllef s solution :  e.  wltb  biPtmitoxyllii ;  /,  y,  h,  wJLb  tixh- 
8JU.     *  425. 

affected  organs  may  be  jo'oduc^ed.  Deep  destruction  of  the  tissues  is 
absiMd  ;  snperticial  nlci^iations  may,  however,  occur.  On  section  tlje  infib 
tnited  tissue  api*ear?>  yellowish,  spotted,  tnit  not  infreqtUMitly  shows  a 
gray  or  gra\  ish-red  color.  The  tissue  of  the  affi*cted  urejis  consists  partly 
of  granulation  tissue,  ]>artly  of  fibrous  connect ive  tissue.  If  the  former 
extends  to  the  epithelial  covering  there  appear  in  part  prolifei-ntions,  in 
part  <legenenitive  processL*s  in  the  epithelial  cells,  the  latter  l>ein^  char- 
acterized by  the  formation  of  vacuoles  and  by  an  infiltration  of  the  part 
with  romui  cells.  Accorditig  to  Stepanow  the  vacnoles  may  contain 
bacilli. 

The  granulation  tissue  itself  shows  in  many  places  no  especial  ik»cu- 
liarities;  rather  does  it  present  the  same  conditions  present  in  other 
inflamioatoTy  intiltrations  and  proliferations  of  connective  tissue.  In 
other  places,  on  the  contrary,  there  may  be  found  a  larger  or  snialter 
nnmlier  of  large  connective^  issue  cells  coutaiuing  one  vacuole  or  show- 
ing a  total  vacutvlar  degeneration  or  a iTticulated  structure,  in  the  meshes 
of  which  bu<Mlli  may  Ix^  demonstrated  (Fig*  505),  some  of  the  latter  pos- 
sessing capsules, 

B4>sidcs  the  cells  showing  vacuolar  degeue ration  there  idso  occur  cells 
of  various  shapes  wtiicli  have  nntiergone  hyaliue  change  fFig,  506,  a,  A, 
e,  d,  e).  Tlicse  also  cojitain  bacilli  wiUi  and  without  capsules,  and  also 
eoccnsdike  forms.  Through  tin*  los^  of  their  nuclei  these  cells  may  I^e- 
come  converted  into  nou-uucleated  honu»gencons  lumps  {d).  Finally » 
there  also  oc(*ur  cells  which  enclost-  liyaliae  spherules  ( f^  g),  and  frt*e 
spherules  are  also  found  lying  in  the  tissues  (A),     In  jdacesnot  yet  af- 
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f:^^<:^^«d  by  cicatricial  retrogression  the  hyaline  formations  may  be  present 
j-B-m     l-^u^  numbers. 

Recording  to  Paltauf,  -von  EiuUberg,  Dittrich,  WolkomUch^  and  others,  the  bacilli 
«:»  f  -vliinoscleroma  may  be  cultiyated  upon  blood  •serum,  gelatin,  agar-agar,  and  pota- 
t>«-»^_*fs,  and  also  form  capsules  in  the  cultures.  When  grown  in  bouillon  thev  show  on 
c  Em.^  contrary  no  capsulea  (Dittrich).  Stab-cultures  in  gelatin  resemble  closely  the  nail- 
cir  m.  a  1  tures  of  the  Fricdlftnder  pneumonia-bacillus,  but  are  of  a  translucent  grayish-white 
SL'x=mc3.  not  dead  white.  The  bacilli  stain  more  easily  than  the  pneumonia  bacilli,  and  also 
a^'K^.sAin  by  Oram's  method,  ytepanow  observed,  in  inoculations  into  the  eyes  of  guinea- 
-(=>  2 .^»^?  progressive  inflammations  and  proliferating  granulations  containing  the  bacilli 
^m.  vKcl  hyaline  degeneratcnl  cells. 
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^      ^    l76.  The  Actinomyces  or   ray-fungus  is  a  polymorphous  fissiou- 
^  ^^^ Vis  which  api)ears  in  different  forma  of  growth  in  the  human  and 


^      i'?^^al  organism  as  well  as  in  cultures.     It  is  the  cause  of  actinomycosis, 
^^^^^^^fc^ase  occurring  in  man  as  well  as  in  cattle,  swine,  and  horses,  more 
j^^^^^^l  y  in  sheep,  dogs,  and  cats,  and  characterized  by  a  progressive  infiam- 


1^5^} 


L^n  that  produces  in  part  granulation  tissue  and  connective  tissue, 
jj£l*^:^  in  part  pus.  The  botanical  position  of  the  fungus  is  still  unsettled. 
^^^^  ^^^any  it  is  classed  with  the  thread-funffiy  others  group  it  with  the  pohj 
x^^^^^^^hous  bacteria.    Bostrom  places  it  in  the  group    cladothrix;  Kruse, 


^Vie  group  streptothrix. 


Bo«n).  rt,  riiiij?iw  (tfiL-w;  /j,  iiiijii*nnii'h"44r  Jiind  niulliHuclettr  eplUieUoid  c«lte;  c,  pua-txiriwila* ;  < 
[•lni4focyU\  eiKlitftintr  h  piLs^'<>riiii!«rJe  :  «-,  ^rratiyltttkm  tissue.     X  SOU, 

ill  spherules  up  to  2  inui.  in  diiiiiieten  Thes'  are  sometimes  colorlesis 
and  transparent,  at  other  times  white  and  tjpaque,  Rometime8  yellow,  or 
brown,  or  green  and  yellowisli -green*     Many  of  the  smaller  ones  eonnisl 
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only  of  a  felt  work  of  fine,  psirtly  braiiebed  threads,  some  of  whieli  sire 
St  might,  or  wavy,  or  twisteci.  The  majority  of  the  {n*«ntiles  eontain. 
nioii*over,  pec^tiHar  ehib%shai>rd  striietxires  (Fig.  5i)7),  %vhich  form  thr 
ends  of  the  threads,  and  if  jn-es^^iit  in  lar^e  iiuiiil^ens,  as  is  the  eiise  par 
tiicuhirly  iu  the  hirger  granides,  have  a  radial  arrangemeut  (FigH,  508,  n; 
509,  it),  aiulsd  jtxive  to  the  enhiny  of  the  fungus  a  ray  like  appearancf*, 
Occa>iioually  hand  or  fan-like  forms  develoji  on  the  end^s  of  the  threads. 
According  to  Bo8trc>m,  all  thei^'  peculiar  struetiii*es  are  due  to  aswelliug 


i^ 


J 


,*«' 


FiQ.  510).— Aetloomycodti  nf  Uie  luoir  ^alcobol,  i^nuJne,  Gmm*iiU    fU  Fungus  dnaie:  b,  ■auiU-c«lle(J 
«,.i.-.  .    MKr....-  ru.,...    .i    .iv.-.,ii  rHi.««  «(rf,  lafj?**  iitt*)  vmull  wUs ;  r,  bronettfolo  with  wall  luflltmled 

rlKxxl of  tlic  bfonohus  (c)i  a,  nhv^ll  QUkI  w^lUi  vuBciiJftrlsist] 
\ng  Into  ttie  nlveuU;    U  NuLMl-Tusiehi  of  tlie  luDg  tlaia«; 


of  the  iiiriiiiiiuiir  nf  the  threads,  and  are  to  l>e  i-egarded  as  retrogressive 
ehangei^ 

The  actinomyres  in  usually  taken  into  the  body  with  the  friod  or  tho 
respired  air,  and  finds  its  tirst  development  often  in  the  month.  The 
fungu^s  has  not  yet  b«x^n  demonstrate*!  outside  of  the  huumn  and  animal 
organism.  It  must  be  remarked  that  very  often  bits  of  higher  phmts 
(beard  of  wheat,  splinter  of  wood,  a  bit  of  grass)  have  been  found  in  the 
puH  of  actinomycotic  foci,  and  that  the  swallowing  of  portions  of  plants 
(spike  of  grain  [Bertha])  or  the  contamination  of  wounds  with  vegetable 
material,  have  in  certain  vtnifs^  preceded  the  development  of  actinomy- 
cosis. It  is,  therefore,  y^ery  probable  Ihat  the  fungus  is  present  upon 
the  higher  plants  or  upon  wood.  Johne  demoustrate<l  it  as  early  as 
1K82  upon  btnirds  of  wheat  found  sticking  in  the  tonsils  of  swiue.     Ac- 
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cording  to  Bang,  it  develops  also  upon  wheat  grains  and  straw.    If  beat 
rye,  or  barley  is  grown  in  a  soil  infected  with  actinomyces  eultu; 
(Liebmann)  the  ray-fungus  may  be  found  later  in  various  portions 
the  plants. 

If  the  ray -fungus  succeeds  in  settling  in  a  tissue  it  excites  an  inf      

mation  in  its  neighborhood.  While  the  fungus  which  has  penetr^^^]^^ 
into  the  tissue  develops  a  mycelium  and  a  fungus-granule  (Figs.  50^ 
509,  a ;  510,  a)  there  is  formed  in  its  neighborhood  a  nodular  focu.: 
intiammation,  wiiieh  at  lii-st  consists  of  leucocytes  (Figs.  508,  h,  c;  i 
h)\  but  later,  in  addition  to  pus-corpuscles  (Fig.  509,  c),  also  cont:^ 
epithelioid  cells  and  giant-cells  (/>,  d), 

Tlie  fungus-granules  may  increase  within  the  nodule  and  lead  to  Its 

enlargement ;  and  it  very  often  happens  that  cellular  nodules  the  si2^=^?    of 
a  pea  and  larger  contain  a  large  number  of  fungus- foci,  which  are  U8u 

situated    in   the  periphery  of 
same.      At  the    same    time 
fungus-foci,  and  consequently 
cellular  foci,   may   appear  in 
neighborhood.     The  further  spr 
of    the   infection    takes  plsu'e 
means  of  small  rods  and  threa 
which  are    broken   off    from 
larger  masses,  and  may  be  seen 
the  tissues  partly  free  and  paj 
enclosed  in  cells. 

Larger  nodules  often   unde- 
in  time  a  purulent  liquefactioi^^ 
their  central  portions,  leadings 
the   formation   of  small    abnce^ 
which    may    become  confluents- 
form  larger  pus-cavities  or  sinu 
In  the  neighborhood  of  the  pi 
lent  areas  (Fig.  510)  there  deve  TB^    -^.^ps 
early   an    active    proliferation  of 

tiHSue,  which  leads  to  the  formation  of  vessels  (Jc)  and  young  granul^r^r  -^  ion 
tissue,  which  later  becomes  transformed  into  cicatricial  connective  t  m'  —  r-rrrr 
(c,  g,  h).  If  the  connective-tissue  proliferation  attains  very  consider-si^™^  t^^^ 
proportions,  it  leads  to  an  induration  (Fig.  510),  often  also  to  an  enle-w  ^^^ff^' 
ment  of  the  tissue.  The  connective-tissue  proliferation  may  fii."M-^^rm-lly 
extend  into  the  sumiH  celled  areas,  and  replace  the  latter,  the  r^  ^  ^^& 
probably  being  destroyed  in  this  way. 

A  predominance  of  tissue- necrosis  and  of  suppuration  over  tissue-  ^ — ^  ■^^' 
duction  gives  rise  to  more  or  less  extensive  sinuous  cavities  and  bra.i-  -^»  ^:r  h- 
ing  fistnlous  tracts  communicating  with  one  another.  The  walls  of  t:^  M.^se 
consist  of  granulation -tissue  and  hyperplastic  connective  tissue,  and  i^^"^*-  ^3  re 
and  there  contain  fungus-foci.  The  masses  of  fungi  may  in  part  beo^f"^^^  ^"^^ 
calcified. 

In  cattle  the  disease  affects  chiefly  the  lower  jaw,  but  may  inv^cm'^l  ^e 
also  the  upper  jaw  (Fig.  511,  a),  the  tongue,  throat,  larynx,  oesophstgHT"  "^ 
stomach,  intestinal  wall,  skin,  lungs,  and  subcutaneous  and  intermusc  ""■-*  y*'' 
tissues;  in  sirine  it  is  found  in  the  udder  and  different  bones  of  t:/ie 

skeleton,  while  in  horses  it  occurs  chiefly  in  the  vas  deferens  follo'^^^"^ 
castration.  In  cattle  it  leads  to  the  formation  of  more  or  less  extern ^^^^ 
fibrous  tumors  containing  purulent  foci,  and  was  formerly  given  v»r^^^-^°^ 


Fig.  511.— Pruntal  section  tbrough  the  nose  and 
upper  Jaw  ot  a  steer  affected  wltb  a  tumor-like 
uftinoniyoosls.  a.  Nodules  consisting  of  connective 
ti»suc,  hone,  and  small  pus  foci.  One-fourth  nat- 
ural size. 
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0a»ines,  such  as  osteosarcoma,  bone-cancer,  bone-tuberculosis,  lumpy  jaw, 
-iPTOoden  tongue,  tuberculosis  of  the  tongue,  lymphoma,  fibroma,  worm- 
no^ules,  etc. 

In  vmn  the  infection,  so  far  as  is  known,  takes  place  through  the 
rixonth,  fauces,  oesophagus,  stomach,  intestine,  and  lung,  or  through  some 
^:x:ternal  injury.  In  the  first-named  region  an  infection  of  actinomyces 
rri^y  take  its  start  from  carious  teeth  (cavities  or  fistulje),  or  from  any 
ii3jary  to  the  soft  parts  of  tlie  jaw  or  cheek.  Thence  it  spreads  over  the 
neighborhood  and  may  finally  involve  the  face  and  the  hairy  portions  of 
trhe  head,  as  well  as  the  throat,  neck,  back,  and  breast. 

With  the  advent  of  the  process  there  arise  swellings  which  later 
soften  and  give  fluctuation.  When  the  latter  is  the  case,  pus  is  formed 
i^v^liich  is  at  times  thin  and  watery,  at  other  times  more  viscid,  and  con- 
t.ai  T\s  the  characteristic  granules.  If  these  abscesses  break  externally  there 
oi^y  be  formed  fistulous  tracts,  which  may  either  close  again,  or  continue 
to  s<ecrete  pus. 

Besides  these  purulent  foci,  which  sometimes  are  small,  at  other  times 
exrtr-disive,  there  is  constantly  formed  more  or  less  granulation  tissue, 
'^^liicliat  times  may  be  very  abundant.  As  a  result  of  fatty  degeneration 
and  clisintegration  of  its  elements  the  granulation  tissue  often  becomes 
P5i.^:^ially  whitish  or  yellowish  or  reddish-white  in  color,  and  permeates 
tli^  diseased  tissue  in  an  irregular  manner.  In  other  places  it  comes  to 
^  ci^A'Clopment  of  connective  tissue,  particularly  in  those  places  where 
th^    I^rocess  is  not  spreading. 

Through  this  development  of  connective  tissue  a  local  healing  result- 
^^^S  i  u  cicatricial  indurations  may  take  place,  but  in  other  parts  the  process 
^^^^^i^IIy  makes  further  progress  and  may  under  certain  circumstances  lead 
^^^  ^^^ry  extensive  destruction.  If  the  disease  encroaches  upon  the  bones 
^*  trliie  spinal  column  or  of  the  thorax  these  may  be  gradually  destroyed 
^^^^■^^^  the  surface,  and  become  rough,  eroded,  and  ciirious.  In  rare  cases 
**^^  Jaw-bone  may  be  attacked  from  within  through  an  alveolar  process, 
'^^^  ^^o  undergo  destruction.  From  the  base  of  the  skull  the  process  may 
^f^^^^^d  into  the  interior  of  the  skull  and  lead  t-o  actinomycotic  meningitis 

^^    Encephalitis. 

f/^        Jxi  primary  infection  of  the  respiratory  apparatus  the  process  takes 

t^j^^     ^orm  of  a  bronchopneumonia  characterized  by  the  formation  of  nod- 

^^^^^^^^     foci  (Fig.  510,  b)  the  central  portions  of  which  at  an  early  stage 

g^^^^^^ne  a  yellowish-white  color.     Through  the  disintegration  of  the  in- 


C5i^^.^*^^natory  foci  cavities  may  be  formed  which  contain  fluid,  pus-corpus 
a^^  ^^»  fatty  detritus,  spherules  of  fatty  granules,  disintegrated  red  cells, 
^x^-^3;.  masses  of  actinomyces.  The  tissue  lying  between  the  mycotic  foci 
ii^^^^^^rsa  more  or  less  extensive,  often  very  marked,  inflammatory  thicken- 
:xx^^^^  *"d  induration  (Fig.  510,  c),  and  through  a  new-formation  of  con- 
"v^-'^^^^ive  tissue  may  be  transformed  into  a  callous,  slate-gray  or  gray  and 
^^^^^^^  mass,  devoid  of  air,  and  later  undergoing  cicatricial  contraction. 
Xj^^     '•ibis  manner  a  large  portion  of  the  lung  may  become  converted  into  a 

^^-^8  of  connective  tissue. 

^^-^^        From  the  lung  the  process  sooner  or  later  extends  to  the  visceral 

^:  A^ura,  and  from  this  to  the  costal  pleura  or  to  the  pericardium,  giving 

^^^^^  in  these  places  to  inflammatory  exudations  and  proliferations  of  tis- 

^^^^^^  which  may  lead  to  adhesions  l>etween  the  opposite  layers  of  the 

^^^^ura  or  pericardium.     From  the  costal  pleura  the  cellular  infiltration 

^^^   well  as  the  pus  formation  and  the  fatty  degeneration  and  disintegra- 
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tion  of  the  granulation  tissue  may  extend  between  the  ribs  to  the  o 
side,  and  spread  in  the  contiguous  soft  parts,  in  the  connective  tisfikj 
and  muscles,    and  may  finally  break  through  in  places.      From 
lungs  a  ruptui-e  may  sometimes  take  place  into  the  mediastiuom 
pericardial  sac,  and  finally  into  the  heart.     Under  certain  condition, 
ruptui-e  may  occur  through  the  diaphragm  into  the  abdominal  cavity  , 
the  process  may  extend  from  the  x)osterior  mediastinum  into  the  T^i 
peritoneal  connective  tissue. 

The  secondary  areas  of  destruction  lying  outside  of  the  lung  oft 
reach  an  extremely  large  size,  while  in  the  lung  the  primary  proe^^ 
advances  but  little  and  undergoes  cicatrization.     At  one  time  the  purra^ 
lent  softening  predominates,  at  another  time  the  formation  of  granulati^ 
tissue  and  the  induration. 

Primary  actinomycosis  of  the  intestinal  tract  begins  with  the  fomiJ 
tion  of  plaque-shaped  whitish  patches  of  the  fungus  (Chiari)  or  of  nod' 
lar  mucosal  and  submucosal  foci  (Zemann),  which  contain  the  specif 
•fungus,  and  lead  to  ulceration  through  the  occurrence  of  disint^ratio: 
From  the  intestine  the  process  spreads  over  the  peritoneum  and  the  retr 
peritoneal  connective  tissue,  as  well  as  to  the  organs  adjacent  to  the  pi 
mary  focus — ^f or  example,  the  liver ;  and  may  finally  break  through 
abdominal  wall. 

Metastasis  may  be  associated  with  the  local  progression  of  the  dii 
but  is  rather  rare.     It  usually  results  from  a  direct  rupture  into  a  bl 
vessel.     The  metastases  arising  from  a  primary  focus  in  the  intestine 
found  especially  in  the  liver ;  those  arising  from  a  primary  focus  in 
lungs  are  found  in  the  skin,  muscles,  bones,  brain,  intestine,  and  kidne 

The  metastatic  nodules  behave  like  the  primary  foci.     In  rare  cases  th 

occur  also  primary  foci  of  actinomycosis  in  the  internal  organs — for 
ample,  in  the  brain  and  liver.  The  portal  of  entrance  in  these  cases  i 
not  be  demonstrable. 

Johne,  Ponfick,  Bostrom,  Wolff,  and  Israel  have  attempted  inoc^ 
tion  experiments  upon  animals,  and  according  to  their   reports  1m. 
obtained  positive  results  in  part  (Johne,  Ponfick,    Wolff,  and  Isn^* 
Wolff  and  Israel,  by  the  inoculation  of  rabbits  and  guinea-pigs,  obtal 
in  almost  all  cases  a  characteristic  disease  with  the  formation  of  inffl 
matory  foci  containing  the  fungus-masses.     They  were  also  able  agalx 
cultivate  upon  agar-agar  the  fungus  contained  within  these  foci. 

Levy,  as  well  as  Kruse.  assumes  that  there  are  two  forms  of  actinomyces,  an  afei- 
cultivated  by  Bostrom,  and  on  anaerobic  cultivated  by  Wolffs  Israel,  Aschofff  and  hii 
the  two  forms  being  closely  related.     Mertens  announces  that  he  has  succeed 
changing  the  Wolff-Israel  form  into  the  B6strom.     Levy  regards  the  actinomyces  a 
as  the  fine-threaded  fungus  kno^^^l  as  streptothrix  as  belonging  to  a  group,  the  Hyph 
cctes,  cliaracterized  by  the  formation  of  branching,  probably  uniceUular  myceuo. 
which  multiplies  through  an  acrogenic  snaring-off  of  conidia-chains  or  through  fragxra^ 
of  tliroads  resembling  bacilli.     Since  the  ray-fungi  do  not  correspond  to  any  one  o:^"* 
known  hyphomycetes-groups,  he  places  them  in  a  separate  group,  the  Actinomyc^^^' 
In  this  group  lie  also  places  the  tubercle-bacillus,  the  Icpra-baciUus,  the  dipntl^  -^ 
bacillus,  and  tlie  bacillus  of  glanders.     Lubarsch  regards  the  streptothrices,  with  '«*- 
he  classes  the  ray-fungi  (to  which  the  tubercle-bacillus  also  belongs),  as  a  tranedtion     ^^ 
between  the  bacilli  and  the  moulds. 

Bercstncw  also  distinguishes  different  forms  of  actinomyces  (cultivated  by  him  '^  "'^™ 
straw,  hay,  etc.).  and,  in  addition  to  actinomycosis,  recognizes  a  condition  of  p««=^  -^ido- 
actinomycosi,'^,  which  runs  a  similar  course  to  that  of  the  former,  but  is  caused  by  ^^^2^^ 
which  do  not  l)el()ng  to  the  ray-fungi.  Krause  and  Gilbert  like^^ise  regard  the  ciiolcr^ ^^l^^^ 
factor  of  an  actinomycosis  as  being  of  varied  nature  and  not  representing  a  definite  ck:^  "^  '^7- 
Schiirmayer  cmpliasizcs  the  variability  ot  actinomyces  according  to  the  conditio *^^ -^  ^' 
growth.     Wright  l)clieves  that   human  and  bovine  actinomycosis  are  identical^         ^^^ 
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further  holds  that  there  is  but  one  sjKJcios  of  microorganism  {Actinomyces  Itoins)  con- 
cerned in  the  production  of  typical  actinomycosis.  The  lesions  produced  by  other  forms 
of  branching  organisms  he  would  class  under  the  head  of  nocardiosis,  reserving  the  term 
actinomycosis  for  those  conditions  in  which  characteristic  "  drusen  "  are  formed. 

According  to  Dunker  {Zeitschr.  f.  M ikroskopie  und  Fleischschau ,  iii..  1S84)  and  llert- 
wig  (Arch.  f.  vmsensch.  u.  prakt.  Thierheilk.,  xii.,  1886)  there  occurs  in  hogs  a  ra^-fitngus 
wWcn  is  always  situated  in  the  muscles,  particularly  in  the  diapliragm,  abdommal  and 
intercostal  muscles,  an<l  causes  a  degeneration  of  the  muscle-fibres  in  its  neighborhood 
and  proliferation  of  the  intermuscular  connective  tissue.  Tlic  funpis-masses  form 
radially  arranged  clubv.  Tlicy  readily  undergo  calcification  and  then  form  white 
points  in  the  flesh. 

Petruschky  imites  Actinomyces.  Streptothrix,  Cladothrix,  and  Ixiptotlirix  into  one 
family,  which  he  calls  the  Hair  fungi  or  Trkhomycetes.  Tliese  he  classes  also  with 
the  hyphomycetes,  of  whicli  he  distinguishes  two  great  clavsses,  the  mould  fungi  and  the 
hair  fungi. 

Actinomyces  is  characterized  by  radiating  forms;  streptothrijc  bv  true  branching, 
late  fragmentation  of  the  wavy  threads  and  the  formation  of  conidia:  cladothrix  by 
false  branching  of  the  thremls  (a  lateral  direction  of  the  membrane  with  a  continuation 
of  the  longitudinal  growth  in  the  other  direction)  and  rapid  fragmentation  of  the  threads; 
while  leptothrix  is  characterized  by  stiff  threads  without  branching. 

There  occur  numerous  observations  in  which  organisms  apart  from  the  actinomyces 
described  above  and  belonging  to  the  trichomycetes,  particularly  to  the  streptothrices, 
gave  rise  to  local  tissue-changes,  particularly  purulent  and  granulating  inflammations, 
and  in  part  also  to  tubercle-like  changes,  but  in  many  cases  the  authors  have  not  agreed 
as  to  what  sjMJcies  the  fungus  concerned  belonged. 

As  early  as  I800  fimgus  masses  were  observed  by  von  Graefe  in  the  inflamed  lach- 
rymal duct.  These  were  at  first  regarded  as  favus,  but  later  Cohn  (1874)  regarded  them 
as  streptothrix  and  gave  them  the  name  of  Streptothrix  foersteri.  Likewise  Axenfeld, 
who  has  many  times  cultivated  the  fimgus,  regarded  it  as  a  variety  of  streptothrix. 

Under  the  term  Cladothrix  asteroides  Eppinger  has  described  a  poljTnorpIious  fission 
fungus  or  hair  fungus  found  in  the  pus  of  an  old  cerebral  abscess  causing  death  through 
meningitis.  Since  in  the  affected  individual  changes  similar  to  tuberculosis  were  fouml 
in  the  lunj2;s  and  bronchial  glands  and  since  inoculation  of  guinea-pigs  and  rabbits  gave 
rise  to  a  disease  resembling  tuberculosis,  he  has  designated  the  disease  produced  by  the 
fungus  as  Psetuiotuherculosis  cladothrichica.  MacCallum  regards  Ej)ninger's  fungus 
which  he  obtained  from  a  purulent  [Peritoneal  exudate  as  belonging  to  the  Actinomyces 
group  and  calls  it  Actinomyces  asteroides.  Schahad  regards  a  fungus  characterized  by 
branching  threads  which  he  found  in  a  subpectoral  abscess,  and  according  to  its  behavior 
in  cultures  apparently  identical  with  the  Eppinger  fungus,  as  Monging  to  the  actino- 
myces group,  and  designates  it  an  atypical  actinomyces  which  diff"ers  from  the  typical 
form  in  that  it  produces  no  clubs  and  is  acid-fast.  In  animals  it  causes  a  pseudotuber- 
culosis. 

BuchhoUz  found  a  variety  of  streptotlirix  in  a  pneimionic  hmg  containing  large 
cavities  of  disintegration,  with  ragged  walls.  lAinger  found  a  streptothrix  pathogenic 
for  guinea-pigs  in  tlie  sj)utuni  of  a  tliirteen-y ear-old  boy,  which  ])ro()ably  arose  from  an 
cesophageal  diverticulum. 

According  to  investigations  by  Konthack,  Boycc,  and  \'incent  it  is  very  probable 
that  the  disease  occurring  in  India  known  as  Madura-foot  or  Mycetoma,  characterized 
hv  gradual  swellings  in  tlie  extremity,  with  mxlular  dei)osits  becoming  changed  into 
abscesses  and  fistulous  tracts  through  suppuration,  and  on  pressure  discharging  purulent 
4BTay,  or  brown  to  black,  fish-roe  or  trufllelike  granides  is  caused  by  a  polymorjjhous 
fungus  related  to  Actinomyces  and  designated  bv  Vincent  as  Streptothrix  madnrcE.  Kan- 
^hack  regards  the  fungus  which  is  enclosed  in  the  granules  as  identical  with  tlie  Actino- 
•nyces.  but  the  investigations  of  Vincent  and  Hoyce  do  not  agree  with  this  assimiption. 
-According  to  Boyce,  the  Streptothrix  madurw  occurs  in  two  varieties,  one  white  or  yellow, 
'X*'ith  fine  dichotomous  branching  threads  and  one  black,  with  branched  pigmented 
threads.  Unna  and  Delbanco  also  distinguish  different  fungi  which  they  cla.ss  with  the 
-Actinomyces.  According  to  Oppenlieimer  mycetoma  is  a  granuloma  with  abscess  for- 
•Tiation  caused  by  two  kinds  of  fungi;  the  yellow  form  is  an  actinomyces,  while  the 
J"ungU8  of  the  black  fonn  cannot  at  the  present  time  be  exactly  classified,  but  probably 
^Delongs  to  the  oidia  or  moulds.  The  parasite  of  the  madura  disease  has  been  known 
***ince  the  year  1874  {Carter,  Ijewis,wm\  Cunninqhant),  and  was  fonnerly  called  Chionyphe 
^^arieri. 


066  THE   PATHOGENIC   FISSION-FUNGI. 

Literature. 

(Actinomycwtis, ) 

Ab^:  Drei  Falle  von  Aktinomykose.     Beitr.  v.  Ziegler,  xxii.,  1897. 

Behla:  Systemat.  Stellung  d.  Aktinomyces.    Cbl.  f.  Bakt.,  xxiii.,  1898. 

Berestnew:  Ueber  Pseudoaktinomykoee.     Zeitschr.  f.  Hyg.,  xxix.,  1899. 

Bollinger:  Eine  neue  Pilzkrankheit  beim  Rinde.    Cbl.  f.  d.  med.  Wiss.,  1877;  Deut 
Zeitschr.  f.  Thiermed.,  iii.,  1877;    Mttnch.  med.  Woch.,  1887. 

Bostrdxn:  Unters.  iibcr  die  Aktinomykose  des  Menschen.     Beitr.  v.  Ziegler,  ix.,  1890 

Chiari:  Darmaktinomykose.     Prag.  med.  Woch..  1884. 

Gilbert:  Aktinomyces  thermophilus  u.  Aktinomyceten.     Z.  f.  Hyg.,  47  Bd..  1904. 

Grill:  Aktinomykose  d.  Magens  u.  d.  Danns.     Beitr.  v.  Bruns,  xiii.,  1895. 

Hesse:  Ueber  Aktinomykose.     Deut.  Zeitschr.  f.  Chir.,  34  Bd.,  1892. 

Heche:  Histog^ndsc  du  nodule  actinomycosique.     Arch,  de  m^.  exp.,  1899. 

Howard:  Actinomycosis  of  Central  Nervous  System  (Lit.).     Jour.  otMed.  Res.,  1903. 

Hummel:  Entstehung  d.  Aktinomy  kosedurch  FremdkOrper.     Beitr.  v.  Bruns,  xiii., 
1895. 

Illiclx:  Beitr.  z.  Klinik  d.  Aktinomykose,  Wien,  1892. 

Johne:  Deut.  Zeitschr.  f.  Thiermed.,  vii.,  1881;   Cbl.  f.  d.  med.  Wiss.,  1882;  Aktino- 
mykose im  Samcnstrang  kastrirter  Pferde.     Fortschr.  d.  Med.,  iii.,  1885. 

Israel,  J.:  Mykose  des  Menschen.     Virch.  Arch.,  74,  78  Bd.,  and  Cbl.  f.  d.  med.  Wiss., 
1S83;'  Klin   Beitr.  z.  Kenntniss  d.  Aktinomykose  des  Menschen,  Berlin,  1885. 

Israel,  O.!  Kultivirbarkeit  d.  Aktinomyces.     \irch.  Arch.,  95  Bd.;    Cbl.  f.  d.  med. 
Wiss.,  1886. 

Krause:  Zur  Kenntn.  d.  Aktinomyces.     Cbl.  f.  Bakt.,  xxvi.,  1899. 

Kruse:  Sy?tematik  d.  Streptotricheen  in  FlUgge.     Die  Mikroorganismen,  ii.,  1896. 

Lebert:  Anat.  path.  I  c,  Atlas  t.  I.,  pi.  II.,  Fig.  16. 

Levy:  I'eber  die  Aktinomycesgruppen.     Cbl.  f.  Bakt.,  xxvi.,  1899  (Lit.). 

Lieblein:  Aktinomykose  d.  Haut.     Beitr.  v.  Bruns,  27  Bd.,  1900. 

Liebmann:  L'Attinomyce  dell'  uomo.     Arch,  per  le  Sc.  Med.,  xiv.,  1890. 

Martin:  Actinomycosis  of  the  Brain.     Joum.  of  Path.,  iii.,  1894. 

Mertens:  Aktinomycesforschung.     Cbl.  f.  Bakt.,  xxix.,  1901 ,  u.  Z.  f.  Hyg.,  42  Bd.,  1903. 

Moosbrug^ger:  Teh.  die  Aktinomykose  des  Menschen.     Beitr.  v.  Bruns,  ii..  Tubingen, 
1886. 

vanNiessen:  Aktinoniyces-Rcinkultur.     Virch.  Arch.,  150  Bd.,  1897. 

Partsch:  Die  Aktinomykose  des  Menschen.     Samnil.  kUn.  Vortr.,  No.  3()G-7,  1888. 

Perroncito:   Inoculation  d'actinonivces.     Arch.  ital.  de  Biol.,  vii.,  1886. 

Ponfick:  Bresl.  jirzti.  Zeitschr..  1X79,  9  Mai:   Berl.  klin.  Woch..  1879,  p.  347;   Die  Akti- 
nomykose des  Menschen.  Berlin,  1882. 

Schlegel:  Aktinomykose.     Ergi»bn.  d.  allg.  Patli.,  v.,  Wiesbaden.  1900,  u.  Handb.  d. 
path.  Mikroor^.,  ii..  lOO.'i. 

Schiirmayer:  TcImt  Aktinomyces.     Cbl.  f.  Bakt.,  xxvii.,  1900. 

Tusini:  Aktinomykose  des  Fusses.     A.  f.  klin.  Chir.,  62  Bd.,  1900. 

Virchow:  Trirlunosis  ii.  Aktinomykosis  bei  Schweinen.     Virch.  Arch..  95  Bd..  1884. 

Wolff  u.  Israel,  J.:  Heinkultur  des  A.  u.   Tebertrag.  auf  Thiere.  .  Virch.  Arch.,  126 
H(l..  1891. 

Wright:  Machna  Foot.     Jour,  of  Exp.  Med..  1898;    Actinomycosis.     Ref.  Handb.  of 
Med.  Sc.,  2d  ed.,  1900.    Biology  of  the  MicroorganivSm  of  Actinomycosis.    Jour,  of 
Med.  Res..  190"). 
For  litemtmc  on  Streptotlirix,  Chulotlirix.  ami  I^'ptotlirix  see  facing  page. 

>:^  177.  In  addition  to  those  already  described  there  is  a  larjre  nuinl>er 
of  bacilli  pathogenic  for  animals  whicli  may  also  cause  infection  in 
man.  The  most  important  animal  diseas«\s  caused  by  bacilli  are  sympto- 
matic anthrax,  swine-erysipelas,  swine-plajrue,  swine-pest,  cattle  jihi^ue, 
and  chicken-cholera. 

1  he  bacillus  of  blackleg  or  symptomatic  anthrax  (fiacterie  du  chnrbon  si/mpta 
lutitiqnc,  (lost n'di tun  mirrop/it/Mtwdfosboriti)  is  a  hkI  with  rounded  ends  about  3-o  u  lon^ 
and  ().r)-0.()  /£  broad,  and  sometimes  possessini:  independent  motion.  Acconling  to  the 
investigations  of  HoUimjcr,  Fescr.  Arloiiuj,  Cornvrin,  Thomas,  and  others,  it  is  constantly 
found  in  blackleg. 

Blackleg  occurs  particularly  in  younc  cattle  and  in  lambs,  and  is  asuallv  fatal 
witliin  two  «lnvs.     It  is  eharaeterized'anatoniically  l)y  a  tumor-hke  swelling  of  the  skin 
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due  to  the  exudation  of  a  bloody  serous  fluid  attended  by  the  formation  of  gas  in  the 
subcutaneous,  intermuscular,  and  muscular  connective  tissue.  The  bacilli  are  found  in 
the  region  of  the  exudation  and  gas-formation,  as  weU  as  in  the  spleen  and  hver.  They 
do  not  stain  with  Gram's  method. 

According  to  Arioing,  Comevin,  and  Thomas,  the  bacilli  may  be  cultivated,  in  the 
absence  of  oxygen,  in  chicken-bouillcn,  to  which  a  small  amount  of  glycerin  and  sul- 
phate of  iron  is  added.  Kitasato  and  Kitt  cultivated  them  in  guinea-pig  bouillon,  agar, 
and  gelatin  in  the  absence  of  oxygen.  They  grow  best  at  from  Se^-SS**  C,  and  form 
spores  in  the  middle  or  at  the  ends  of  the  rods,  whereby  the  latter  become  somewhat 
swollen.  The  addition  of  sugar  and  glycerin  to  the  nutrient  medium  aids  the  growth. 
Tlie  inoculation  of  cattle  ana  sheep  with  bacilU  which  are  attenuated  by  heating  i)ro- 
duccs  an  immunity  against  virulent  bacilli.  Cattle,  sheep,  ^oats,  rabbits,  guinea-pigs, 
s^inc,  dogs,  cats,  and  chickens  are  susceptible  to  the  bacilli  of  symptomatic  anthrax; 
black  rats  are  immune;   horses  and  donkeys  occupy  an  intermediate  position. 

The  inoculation  of  guinea-pigs  with  virulent  material — for  example,  with  the  dried 
juice  of  the  muscle  of  cattle  dying  of  blackleg— leads  very  quickly  to  a  rapidly  spread- 
ing swelling  at  the  point  ot  inoculation,  due  to  tlie  infiltration  of  the  tissues  with  a 
bloody  oedema.  The  bacilli  spread  with  remarkable  rapidity  in  the  tissues,  particularly 
in  the  subcutaneous  and  intermuscular  tissue,  and  penetrate  also  into  the  muscles.  They 
cause  severe  lesions  of  the  vessels,  leading  to  hajmorrhages  and.8en)us  exudations,  and 
after  a  time  to  an  abundant  emigration  of  leuc(xjytes.  The  animals  usuaUy  die  on  the 
second  or  third  day  after  the  swelling  has  spread  over  a  portion  of  tlie  body.  The  blood 
usuaUy  remains  free  from  bacilli.     Spores  are  not  formed  in  the  living  body. 
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The  Bradsot  Bacillus  is  an  anaerobic  bacillus  closely  related  to  that  of  sympto- 
matic anthrax.  It  forms  spores  and  at  times  possesses  numerous  flag^lla,  and  causes 
the  disease  of  sheep  known  as  Bradsot  or  Braasot,  wliich  is  found  particularly  in  tlie 
northern  portions  of  Europe.  Tlie  slieep  dying  from  the  disease  show  a  hsemorrhagic 
serous  inflammation  of  the  stomach,  hxrmolysio,  and  serous  inflammation  of  the  coti- 
nective  tissue,  at  times  with  gas  formation  {Jensen,  "  Bradsot."  *'  Hand.  d.  patli. 
Mikroorg.,"  ii.,  Jena,  1903). 

The  bacillus  off  swine-erysipelas  {Loffler,  Lifdtin,  Schottelius,  and  Schfitz)  is  a 
bacillus  from  0.6-1 .8  /i  long.  It  may  be  cultivated  in  bouillon,  meat-infusion-peptone- 
gelatin,  blood-serum,  and  sour  milk  at  18-40'  C. 

In  gelatin-plates  it  forms  peculiar  radiating  and  branched  figures.  In  stab-cultures 
it  grows  out  in  white  streaks  from  the  stab-canal  like  the  bristles  of  a  test-tube  brush. 
In  cultures  the  bacilli  may  form  pseudothreads.  By  means  of  pure  cultures  the  Misease 
may  be  reproduced  iA  susceptible  swine.  House-mice  and  ])igeons  die  within  two  to 
four  days  after  inoculation,  and  their  blood  contains  numerous  bacilli. 

In  rabbits,  inoculation  is  followed  by  an  erysipelas-like  inflammation  which  termi- 
nates either  in  a  fatal  general  infection  or  in  healing.  Guinea-pigs  and  chickens  are 
immune. 

According  to  investigations  by  Pasteur  and  ThuilUer,  and  confirme'J  by  Schottelius 
and  SchiiU,  the  virulence  of  the  bacilli  for  swine  may  l>c  attenuated  by  progressive  in- 
oculations in  rabbits.  Susceptible  swine  inoculated  with  this  vaccine  do  not  die  after 
inoculation  and  become  immune  to  fully  virulent  bacilli. 

Swine-erysii)elas  occurs  particularly  in  young  herds  of  highlv-bred  (English)  hogs, 
while  the  common  breeds  are  nearly  or  wliolly  immune.  The  disease  is  characterized 
by  fever  and  the  appearance  of  red  spots,  lafer  becoming  brown,  ujKm  the  neck,  chest, 
and  belly.  Intestinal  ha?morrhages  occasionally  occur.  More  tlian  half  of  the  infected 
animals  die.  usually  within  a  few  hours  or  within  four  days.  The  autopsy  shows 
swelling  and  localized  haemorrhages  in  the  mucosa  of  the  intestine,  swolling  and  ulcer- 
ation of  the  follicles,  particularly  in  the  ileocecal  region,  swelling  of  the  mesenteric 
lymph-glands,  and  petechia?  of  the  serous  membranes. 

The  bacilli  are  found  in  the  blood  as  well  as  in  the  lymph-glands,  muscles,  spleen, 
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and  kidneys,  wliere  they  also  lie  in  the  bl(K>d-vessels.     The  majority  are  free;   some  an* 
enelos«*d  in  hnicocytes.     They  are  stained  by  Gram's  method. 
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'  The  Bacillus  suisepticus,  the  cause  of  ( German  swine  plague  or  sivine  septiccemia 
{stjt>ine  plague  [Salmon])  is  a  bacillus  discovered  by  Loffler  in  1886.  It  is  about  1.2-1.4  /i 
long  and  ().4-0.(>  /t  broad.  It  is  a  facultativo  aerobe,  grows  easily  upon  the  ordinar>' 
culture  media,  und  when  stained  usually  shows  a  polar  staining  while  the  middle  portion 
remains  clear.  In  natural  infection  the  hogs  mr»y  die  within  twenty-four  hours  from 
septicapmia  and  bacteria»mia.  The  bacilli  may  be  found  in  all  the  organs.  If  the  skin 
is  the  avenue  of  entrance  there  occurs  at  this  point  a  cubcutaneous  inflammatory  oedema. 
More  frequent  is  the  form  known  as  pectoral  swine  plague,  wliich  occurs  both  in  an  acute 
and  a  chronic  form.  In  the  former  there  occur  multiple  croupous-haDmorrhapic  broncho- 
pneumonias that  become  gangrenous,  and  may  be  associated  with  a  pleuntis,  pericar- 
ditis, and  peritonitis.  In  the  chronic  form,  which  is  the  most  common  in  Germany, 
pulmonary  hepatizations,  with  or  without  necrosis,  are  formed.  In  the  majority  of 
cases  it  is  a  bronchogenic  pulmonary  disease,  but  the  infection  may  take  place  through 
wounds  or  the  intestine  and  secondarily  reach  the  lung.  Hogs,  mice,  rabbits,  and 
guinea-pigs  are  susceptible  to  inoculations;  pigeons,  chickens,  and  calves  less  so,  and 
dogs  and  horses  still  less.  The  bacillus  produces  a  local  inflammation.  If  it  passes 
from  the  lymphatics  into  thq  blood  there  occurs  a  marked  increase  of  the  bacilL,  par- 
ticularly in  the  lun<r  and  liver  (Joest:  "iSchweineseuche  und  Schweinepest."  "Handb. 
d.  path.  Mikroorg.."  iii..  19(W). 

The  Bacillus  off  Swine  Pest  or  the  American  Sirine  Plngue  (hog  cholera  [Salmon], 
swine  plague  [Bilh'ngs],  sirine  fever  [Brmvn]).  the  Bacillus  suipestlfcr  {Bacillus  cholerce 
suia  [Smith]),  fortns  rods  with  rounded  ends  about  1.2-1.8  /i  long  and  0.6  /t  l»road. 
It  doc\s  not  stain  l)y  (Iram's  nietliod.  When  stained  with  basic  aniline  dyes  it  shows 
in  part  a  pohir  or  peripheral  stain.  It  may  easily  be  cultivated  on  the  ordinary  media, 
is  a  facultative  aerolx;,  moves  by  means  of  numerous  flagella,  and  produces  no  spores. 
The  plague  is  endemic  in  Xorth  America,  and  has  been  introduced  thence  into  Europe. 
It  occurs  in  two  cliief  forms.  The  sept ica-m ic-h(vm<^n'hagic  form  is  characterized  by 
hiemorrhagos  in  various  organs,  })articularly  tlie  lym})li-glands,  serous  membranes, 
intestine,  and  kidneys.  In  tlie  intestinal  form,  which  is  more  frequent,  inflammatory 
changes  are  found  in  the  intestinal  tract,  particularly  in  the  colon,  bearing  in  part  tliV 
character  of  catarrhal  or  in  part  croupous,  lupmorrliagic,  and  diphtheritic  iimammations. 

The  infection  takes  place  chiefly  througli  the  intestinal  tract,  where  the  most 
severe  changes  an'  found.  Tlirough  tlie  transportation  of  the  bacilli  through  the  lymph 
and  blood  changes  in  other  organs  are  produced  and  a  septicaemia  or  bacterispmia. 
Mice,  rabbits,  guinen-pigs,  and  white  doves  are  suscej)tible  to  inoculation:  horses,  sheep, 
and  cattle  are  not  killed  by  inoculation:    local  inflammations  alone  are  produced. 

Sirine  jH'st  and  siriiw  pUigne  may  occur  in  the  same  individual  as  a  intjeexl  tnfectioh, 
and  may  infect  wiiolc  herds.     Sncli  epidemics  arc  (lianictcrized  liy  great  vindenee. 
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The  Bacillus  of  House  Typhoid  is  a  bacillus  ()l)served  by  Loffler  in  an  epidemic-"^ 
of  mice  kept  in  tl»e  laboratory.      Ihm^-c  mice  and  field  mice  are  very  susceptible  to  it 
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It  may  be  use<l  as  a  means  of  extermination  of  field  mice.  (Loffler:  **  Epideuiieen 
unter  den  im  hyg.  Institut.  zu  Greifswald  gehaltenen  Mausen  und  iiber  die  Bekamp- 
fungder  Feldmaueeplage,"  Cbl.  f.  Bakt.,  xi.  u.  xii..  1892.) 

The  Imcillus  off  chicken-cholera,  or  aman  tyvhaid^  or  bin/  septiccpmia,  a  disease 
occurring  epidemically  among  chickens,  is  a  small  bacillus  from  1-1.2  ft  long,  often 
somewhat  constricted' in  its  middle.  It  was  first  studied  by  PerroncUo,  then  by  Tous- 
saint,  Pasteur,  Rivolta,  Marchiafava,  Celli,  and  Kiit.  It  does  not  stain  by  Gram's 
method.  Tlie  disease  Ls  characterized  cHnically  by  great  exhaustion  and  stupor, 
occasionally  also  by  diarrhoeal  intestinal  discharges:  anatomically  by  sweUings  of  the 
hver  and  spleen,  hscmorrhages  and  inflammations  of  the  intestine,  and  also  frequently 
by  pleuritis  and  pericarditis. 

The  bacilli  arc  foimd  in  the  bloo^l  and  therefore  also  in  the  capillaries  of  the  differ- 
ent tissues.  They  may  l)e  cultivated  upon  nutrient  gelatin,  blofKl-serum,  and  neutral- 
ized bouillon,  as  well  as  upon  potatoes.  They  form  white  colonies.  Feeding  or  inocu- 
lation of  the  bacilli  causes  in  chickens  a  typical  chicken-cholera;  pigt»ons,  sj)arrows, 
pheasants,  rabbits,  and  mice  are  also  susceptible  to  the  bacilli.  In  sheep,  horses,  and 
giiinea-pigs  the\  |)nxluce  abscesses  at  the  point  of  inoculation. 
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The  Bacillus  diphtherlae  columbanim  is  a  small,  slender  bacillus,  which  was 
isolate<l  by  Loffler  ("  Mittheil.  a.  d.  k.  (ies.-Amte,"  ii.)  from  the  exudate  of  a  pigeon 
dying  of  diphtheria,  and  is  regarded  (Babes  and  PtLscarin,  *'  Unters.  iiber  die  Diphtnerie 
der  Tauben,"  ZeiLschr.  j.  Hyg.,  viii.,  1890)  as  the  probable  cause  of  pigeon-diplitheria. 
a  disease  resembling  human  dit>htheria.  L^fller  was  able  to  re])roduce  the  disease  in 
pig^ns,  but  not  in  chickens,  by  means  of  inoculation  of  pure  cultures  of  the  bacilli. 
Mice  died  in  about  five  days  after  inoculation,  and  the  bacilli  wore  found  in  the  blood- 
vessels of  aU  the  organs.  Streit  ("  Unters.  ril>er  Geflilgel-Dinhtherie,"  Z.  /.  Hyg,.  46  Bd., 
1904)  found  a  baciUus  in  chicken  diphtheria  which  he  was  aole  to  cultivate  and  inoculate 
successfully  in  pigeons. 

As  the    Necrosis  Bacillus    (Bacillus    necrophorus,    Fliigge;    BaciUtui    necroseos, 

Salomonsen:    Streptothrix  necrophora,  Kitt,  Streptothrix  caniculce,   Schmorl)    there   has 

been  described  an  anaerobic  bacterium  (Jen."?6n :  *'  Nekrose  Bacillus."  '' Handb.d.pathog. 

\likroorg.."  ii..  Jena,  1903)  which  forms  rcxls  and  unbranched  threads,  does  not  stain 

JMJCording  to  Gram's  method,  and  produces  gas  in  cultures.     It  has  been  observed  in  all 

the  domestic  animals,  including  tne  chicken.     It  causes  inflammations  in  the  hoof  of 

the  horse,  cattle,  and  reindeer,  and  on  the  tail,  foot,  and  udder  of  swine  and  cows,  and 

i«  the  cause  of  the  so-called  ra/i'e«'  diphtheria  (Loffler),  rabbit  diphtheria,  and,  i)erhaps, 

«Uso  in  part  of  avian  diphtheria.     In  hogs  also  it  causes  necrotic  inflammation  of  the 

rtioiith  and  nase.     It  has  been  found  also  in  inflammations  of  the  colon  in  horses,  and 

in  the  vagina  and  in  the  uterus  of  cows,  and  in  the  inflame<l  umbilical  cord  of  calves. 

It  can  also  produce  metastases  in  the  internal  organs.     It  occurs  in  the  regions  named 

iXbove,  and  also  in  other  parts  of  the  bmly,  j)artly  as  a  primary'  infection,  and  partly 

5*«<»oondary  to  some  other  infection. 

Besides  the  above,  there  are  many  other  bacilli  which  have  been  described  as  the 
Oause  of  disease  in  animals.  Thus,  for  example,  according  to  I/oflich  (*'  Die  P>'e- 
IfDnephritis  bacillosa  des  Rindes,"  Monatsh.f.  prakt.  Thierheilk.,  ref.  Centralb.f.  Bakt.,  x.) 
<^nd  Entierlen  ("  Primare  infectiose  Pyelonephritis  beim  Rinde."  Deutsch.  Zeitschr.  f. 
'thiermed.,  xvii.,  1891.  ref.  Cent.  f.  Bakt.,  x.).  the  frecpiently  occurring  pyehnephritis 
^M  cattle  is  mused  by  a  baciUus.  Likewise,  according  to  Xocard  (*'  Note  sur  la  maladie 
^es  hopufs  de  la  Guadeloupe  connue  sous  le  nom  de  Farcin."  Ann.  de  Vln.  Past.,  ii.,  1888) 
t^lie  worm  disease  of  the  o.r.  which  was  formerly  of  frecpient  occurrence  in  France;  and 
5^ccording  to  Oreste  and  Armanni  ('*  Studii  e  ricerche  intorno  al  barbone  dei  bufali," 
r^f.  Cent.  f.  Bakt.,  ii.,  1887)  and  von  Ratz  (**  Die  Barbonekninkheit,"  Deutsch.  Zeitschr. 
-/*.  Thiermed.,  xxii..  1896),  the  plague  occurring  among  the  Italian  buffalo  known  as 
f^firbone  dei  bufali  is  due  to  a  baciUus  (by  Voges  regarded  as  the  bacillus  of  hiemorrhagic 
5»^ptic8emia). 

In  the  dysentery  of  calves  difl"erent  bacilli,  including;  the  bacterium  coli,  have  been 
<  lc«cribed  as  the  cause  (Joest'  "  rntcrsuchungen  uber  KaU)erruhr,"  Z.  f.  Tiermed.,\i\., 
*I«*na,    l9iY,\;   JchMfft:    "  Haiulh.  d.   j>ath.    Miknxuir.,"  iii.,  Jena.  1908.     Acconling  \n 
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yocard  fm^Raux  ("Le  microbe  de  In  peripneumonie,"  Ann,  de  I'Inst.  Pasteur,  1S88),  t\w 
lung  plague  of  cattle  is  characterized  by  a  very  small,  lively  motile  bacillus  whose  form  is 
determined  with  difficulty.  According  to  Bang  ("  Aetiolode  des  seuchenhaften  Ver- 
werfens,"  Zeitschr.  f.  T termed.,  i.,  1887)  and  Preiez  (**  Bacillus  des  seuchenhaften 
Verwerfens,"  C.  /.  B.,  Orig.,  xxxiii.,  1903)  bacilli  cause  the  epidemic  abortion  of  cattle. 
Lundgren  ("  Die Renntierpest,"  Zeitschr,  f.  Tiermed.,  ii.,  1898)and  Bergman  ('*  Renn- 
tierpest  und  Renntierpestbacillen/'  i6.,  v.,  1901)  on  the  ground  of  their  investigations 
regard  certain  baciUi  as  causing  reindeer  plague.  The  conta^ium  of  reindeer  pest  is  yet 
unknown  (Kolle:  "  Rinderpest, "  Ergehn,  d.  allg.  Path,,  vi. ,  Wiesbaden,  1901 ).  Like\^ise 
the  cause  of  the  hoof-and-mouth  disease  is  still  unknown  (Loffler:  "  Bericht  liber  d.  Un- 
tersuch.  d.  ii.  preuss.  Kommission/'  D.  med,  Woch.,  1903).     It  passes  through  all  filters. 

3.  The  Spirilla  and  the  Diseases  Caused  by  Them. 
(ft)  General  Remarks  upon  the  Spirilla, 

§  178.  The  Spirilla,  or  Spirillaceas,  or  Spirobacteria  are  divided  into 
two  genera,  one  of  them  called  SpinttuTit,  the  other  Spirochcete.  Many 
writers  recognize  still  another  genus,  Vibrio, 

The  genus  Spirillum  is  characterized  by  the  formation  of  short,  stiff, 
shallow  spirals,  which  in  part  possess  flagel la  and  show  an  active  swarm- 
ing movement.     The  wavy  rods  are  also  called  vibriones  by  many  writers. 

The  genus  Spirochcete  is  characterized  by  long,  flexible,  closely 
tui'ned  spirals. 

The  Spirochcete  pUeatUis  forms  long,  very  ^ne,  closely  w^ound  threads, 
from  100-225  /x  long;  it  is  of  frequent  occurrence  in  swamp-water  and  in 
gutters,  and  makes  very  rapid  movements. 

Spirochcete  buccalis  sive  denticola  is  10-20  /i  long,  pointed  at  both 
ends,  and  is  not  infrequently  observed  in  the  secretions  of  the  mouth  and 
nose  (cf.  Fig.  196).     It  appears  to  possess  no  pathogenic  significance. 

Spirillum  sive  Vibrio  rugula  (Fig.  512,  h)  fonns  rods,  from  6-16  /i  long  and  0.5-2.')  /z 
broad,  simply  Ixint  or  having  a  shallow  turn,  and  moves  by  means  of  flagella.  It  occurs 
in  swamp-water,  faeces,  and  in  the  slime  from  the  teeth. 

Spirillum  sive  Vibrio  serpens  forms  thin  threads  from 
11-28  /(  long,  having  tliree  to  four  wavy  turns,  arul  is 
found  in  jvtagnating  fluids. 

Spirillvm  tenue  has  very  thin  threads  about  3  15  /« 
long,  having  2-5  screw-hke  turns. 

Spirillum  undvla  (Fig.  512,  a)  consists  of  a  thnvid 
from  1-1.5  ft  broad  and  S  12  /(  long,  having  from  one  and 
a  half  to  thrce  turns,  and  furnished  with  a  flagcllum  at  one 
end.  It  occurs  in  various  decomposing  fluids  and  executes 
rapid  twisting  and  darting  movements.  Fio. 51 2. —SpirMlum  or  Vi- 

S pir ilium  volutaus  possesses  threndH  \.iy-2  ft  thick  and  hriorfffttla(b)  and  Spirit- 
2.^:!0/.  long,  with  t^voa^.l  a  half  to  three  and  a  half  'Cm  a";j,1^l*nA  of ll^l? 
turns,  and  bearmg  a  flagtllum  at  each  end.  chopped  earth-worms.    Dried 

According    to   Prozm}u\sL{,    Spirillum    ruffula     causes      preparation iivated  with  gen- 
decomposition    of   cellulose,    and    forms    terminal   sjmres.      tlan-vlolet.    x  tJOO. 
Accorcling  to  Weibel,  a  vibrio  pn*sent  in  nasal  slime  prCvsents 
many  fonns  of  growth.     Ks7t,(irch  succeeded  in  cultivating 

a  spirillum,  called  by  him  Spirillum  rvhrum,  upon  the  various  ordinary  media.  In 
bouillon  it  forms  spirals  of  from  forty-three  to  fifty  turns.  Short  spirilla  execute 
lively  movements,  but  long  ones,  on  the  contrary,  slow  movements,  or  are  morion- 
less.  The  colonies  in  firm  nutrient  media  are  at  the  l>eginning  pale,  but  in  time  the 
portions  not  exposed  to  the  air  take  on  a  wine-red  color.  In  the  spirilla  of  old  cult- 
ures there  appear  three  to  four  clear,  dull-glistening  spots  that  do  not  stain,  and  an' 
probably  to  be  regarded  as  spores.  Cultures  wliich  contain  such  spirilla  are  more  re- 
sistant to  dr>nng  than  others,  but  they  are  very  easily  killed  by  heat. 

The  long  spirals  may  break  up  into  short  secrments  which  possess  only  about  three- 
quarters  of  a  turn,  but  these  may  again  grow  in  length,  and  undergo  division.  Branch- 
ing has  l)een  obser\'ed  many  times  {Kutscher,  Zcttnow,  ReichenJbach), 
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(h)  The  Pathogenic  Spirilla. 

§  179.  The  Spirillum  cholerce  asiatics,  or  the  Vibrio  cholerce,  also 
called  eommu-haciUuH  {hacUle-virgide  choiMg^ne),  was  discovei'ed  by  R. 
Koeb  in  1884,  and  is  regarded  as  the  cause  of  Asiatic  cholera.  The 
spirilla  (Fig.  513)  form  small  comttm-iike,  curved  rods,  from  0.8-2  /*  long. 

Cultures  of  cholera- spirilla  may  be  obtained  upon  a  great  variety  of 
culture  media  of  a  slightly  alkaline  reaction.     The  temi>eratures  most 
favorable  for  their  development  lie  between  25°  and 
30°  C. ;  at  between  16°  and  8°  C.  they  are  still  ciipa-      ^.^  r       i     c 
ble  of  a  feeble  development.  "^  ^  r   )  ^ j^ 

In  fluid  media  in  the  presence  of  oxygen  they  ^^5  .^  ^^ 
show  lively  movements  that  may  l)e  easily  observed  in  ^  ^_^^  ^^^^ 
the  hanging  drop.     The  movements  are  produced  by         ^  "^"^ 

means  of  a  tenninal  flagellum.  Fio.sia.— choiera- 

When  gaining  entrance  to  the  intestinal  tract  of  ture."*iS?CT-5ia«pr?pI 
man  the  spirilla,  in  so  far  as  they  are  not  destroyed  f^^J  ^JjJ^  ^'**-^ 
by  the  action  of  the  gastric  juice  or  their  growth 
otherwise  prevented,  develop  both  in  the  small  and  large  intestines, 
and  their  multiplication  is  followed  by  a  marked  transudation  from 
the  intestinal  mucosa,  so  that  the  intestine  becomes  filled  with  a  fluid  re- 
sembling meal-soup  or  rice-water,  in  which  flakes  of  des^iuamated  epi- 
thelium which  has  undergone  mucoid  degeneration  float  alwut. 

The  spirilla  are  always  present  in  great  numbers  in  the  intestinal  con- 
tents, and  are  found  in  the  lumina  of  the  intestinal  glands,  whence  they 
may  penetrate  l>etween  and  beneath  the  epithelial  cells. 

In  n^cent  cjtst»s  the  spirilla  may  usually  be  demonstrated  in  cov  er- 
glass  pi-eparat  ions  stained  with  met  hy lene-blue  or  f  uchsin.  Fresh  de  jecta, 
its  well  as  soiled  linen,  ai-o  suitable  for  the  examination,  since*,  according 
to  I  observations  made  by  Koch,  thespirillamay  multiply  actively  for  some 
tiine  upon  moist  linen  and  moist  earth.  In  old  cases  the  demonstration 
of  the  spirilla  is  more  diflicult,  but  nevertheless  succen^dsin  all  cases,  and 
is  attainable  most  sui-ely  by  means  of  plate-cult un^s. 

The  prenence  of  cholera-spiriUa  in  the  intestine  exciten  an  inflammation, 
which  in  the  l)eginning  finds  expression  in  redness,  swelling,  marked 
transudation,  mucoid  degenemtion  of  the  epitlielium.  and  desquanmtion ; 
later,  by  Inemorrhages,  formation  of  sloughs,  and  ulceration.  It  is  char- 
acterized constant Iv  bv  a  more  or  Icsn  marked  cellular  infiltration  of  the 
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tissues.  The  solitary  follides  and  Peyer's  patches  ai-e  swollen  even  in 
fresh  cas(^s.  Death  may  take  plaee  after  a  few  hours  or  after  one  t4> 
three  days.  If  the  disease  lasts  a  longer  time,  the  intestinal  conU^it.s 
become  more  consistent  and  the  intestinal  mucosa  shows  ulcerative 
changes. 

According  to  our  pi^esent  knowledge,  the  spirilla  produce  poisonous 
substances  which  cause  local  damage  to  the  mucosa  of  the  intestinal 
canal,  and  when  absorbed  give  rise  to  symptoms  of  intoxication  and 
cause  paralysis  of  the  vessels.  Small  foci  of  degeneration  are  often  i)res- 
ent  in  the  liver  and  kidneys,  within  which  the  gland-cells  show  cloudy, 
fatty,  or  hyaline  degeneration,  or  are  necrotic.  Moreover,  the  kidneys 
may  frequently  show  cloudiness  caused  by  a  toxic  degeneration  of  tlie 
epithelium;  occasionally  also  a  swelling  of  the  cortex.  Ecchymost^s  iu 
the  epicardium  are  of  frequent  occurrence,  and  in  the  later  stages  patches 
of  necrosis  may  also  occur  in  the  mucous  membrane  of  the  vagina.  The 
long-continued  pi^esence  of  spirilla  in  the  intestine  may  give  rise  to  ulcer- 
ation. Finally,  the  spirilla  may  be  crowded  out  by  the  putrefactive  bac- 
teria present  in  the  intestine,  and  ultimately  die  out.  Through  the 
absorption  of  the  products  of  decomposition  a  new  intoxication  may 
arise,  which  is  not  dependent  upon  the  original  spirilla. 

According  to  Koch,  Xicati,  and  Rietsch,  cholera-spirilla  may  also  U^ 
found  in  the  vomitus.  Xicati,  Rietsch,  Tizzoni,  andCattani  found  them 
also  in  the  ductus  choledochus  and  in  the  gall-bladder.  According  to 
the  statements  of  these  authors  the  spirilla  usually  do  not  enter  the 
blood,  but  in  cjises  of  severe  infection  they  may  be  sprciid  throughout 
the  body. 

Koch  demonsti'ated  the  presence  of  spirilla  in  a  tank  in  India  which 
furnished  the  inhabitants  of  the  region  with  their  entire  supply  of  water 
for  drinking  and  other  purposes,  at  a  time  when  a  part  of  the  inhabi- 
tants were  sick  and  dying  of  cholera.  Since  then,  they  have  often  Ixvn 
demonstrated  in  water-supplies  during  choleni  epidemics. 

Asiatic  cliolera  is  endemic  in  Lower  Bengal  and  never  entin*ly  disiip- 
peai-s  tliere.  Thence  it  si)readsat  times  throughout  India,  and  is  carried 
by  transportation  over  a  larger  or  smaller  part  of  the  Avorld.  Since  th«» 
spirilla  are  e;isily  killed  outside  of  the  body  the  transportation  nuist  lx» 
etfected  mainly  by  individuals  sutfering  from  the  disease.  The  infection 
probably  occurs  exclusively  through  the  alimentary  tract,  as  the  n*- 
sult  of  the  introduction  of  infected  beverag(*s,  food,  or  some  other  sub- 
stance into  the  mouth;  but  without  doubt  not  eveiy  introduction  of 
cholera-spirilla  into  the  intestinal  canal  is  followed  by  infection. 

Moreover,  it  not  infrequently  happens  that  the  sj)irilla  increase*  in  the 
intestine,  but  excite  only  slight  changes,  so  that  the  infected  individual 
suffers  no  marked  symptoms,  and  the  diagnosis  can  only  be  nuule  through 
the  demonstration  of  spiriMa  in  the  stools. 

If  the  cholera-spirilla  get  into  tlie  water  supi)ly  and  there  incn»iusi\ 
cholera  may  develop  in  tlie  given  region  witli  very  gr<»at  rapidity.  11. 
on  the  contrary,  the  infection  takt»s  place  hv  direct  or  indinM't  contagion 
from  man  to  man,  the  spn^ad  is  slow,  in  that  the  disease  is  confined  to 
those  who  come  into  contact  with  the  sick,  or  with  articles  contaminat<*d 
by  the  latter.     The  incubation  period  is  from  one  to  tM  o  days. 

In  the  intestines  o(  convalescents  the  spirilla,  according  to  investiga- 
tions of  Kollc,  may  live  for  a  long  time  and  multiply  without  giving  ris4» 
to  any  symptoms  betraying  their  presence.      Kolle  was  able  to  <iemon- 
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St  rate  thein  in  ii  iiinril>er  of  cases  after  live  to  eighteen  days*  and  in  indi- 
vidnal  eases  ;us  long  as  twenty  to  fyrty-i-itiht  days. 

One  attaek  of  eholeia  nnikes  the  individnal  iiiimune  for  a  eei'tnin 
time.  The  inunnnity  depends  npon  ttie  prest^nee  of  haeteiieidal  aiili- 
iKwJies.  Thron«j:ii  the.*^  iHHlies  tin*  4irp:anisni  may  be  i»roteele<l  fioiii 
eholeni;  hnt  in  thos(Mvho  have  already  €?oiitnicted  the  disease  the  protec- 
tive influenee  is  nf  no  avail  (ef.  §  tV2). 


On  pelatiii-platp**  cultures  of  Gholera-spliilla  form  rf^md,  tha.  ytUtnvhh  liiscs 
whtivli  liqiK^fy  ilip  trebitin  imty  sli*wly  At  a  low  nuitjiiitiaitioii  th^  riihurus  nn-  h" 
n^guliir  hi  niitliiH'.  iiml  of  n  gmiiulur  rir  fiirn*u<  d  aii<|  rfuigh  snrfatt:*,  ii[»peufing  hb  if 
silrevvn  with  mrmll  purtioluft  c^f  l^Iush  (AV'r/o.  TIjr*)iigli  thi'  liquefiiclion  of  iIjl*  K*'l'*t'h» 
ia  ii8  itnnK'diutc  iieitrljborbiK>dtiiereia  formed  t&  fuDuel-shajH^d  cuvity,  to  the  Ixjttoin  of 
whiclj  the  eoluoy  sinks. 

Si  mIm*  111  flings  in  «;elatin  form  on  the  second  day  a  whitish  cord  comesponcfing  to 
the  line  of  the  st:ih  (lig,  514),  in  the  immediate  neighborhood  of  which  tlie  gelatin  is 
litineiied.  Tlie  cunid  thus  formed  nidens  wit  tilHive  into  a  fun  ml 
jnirt  which  is  filled  in  its  lower  fKirtioii  with  litjuefied  gelatin  and 
in  its  upjx'r  witli  air.  The  widening  of  tlie  fnunel  of  the  cfmat  of 
inocuhitioii  1ake.s  plaeo  ver\'  slowly,  so  that  itn  edge  reaches  the 
wall  of  the  tulie  only  after  five  to  six  days. 

On  pfitattMi's  at  from  *lir-3.i'*  C\  the  siiirilla  fono  ligl  it -brown 
cultures,  on  agar-agar  grayish -yellow  ^limy  c^dtmt^s.  They  grow 
also  in  btnuUon.  bliNxi-sertim,  and  milk. 

They  do  not  increase  in  pure  water  (BtiUon).  hnt  do  so  in  water 
contaminated  with  mibstanres  furnishing  mnrient  materirif 

The  eholeni-spirilla  are  aerobic,  but  tliey  an^  als<i  abl.*  fo 
grow  under  anat^robic  conditions.  AccortJing  lo  invest igiU ions  by 
Httevfye,  cultivation  witli  a  deficient  supply  of  oxygen  increas*'s  fl'^ 
virnlenee  of  the  cuhure;  Ijut  the  resisting  power  against  injurious 
agents — forexatnplc,  against  acids — Ls  on  tlie  other  hand  hovered; 
with  free  access  of  oxygen  the  reverse  takes  place.  Fjtiffer,  how- 
ever* foutid  that  young  cultures  grown  in  the  presence  of  oxygen 
also  contained  poison.  The  si>irilla  present  in  fre- h  dejections 
(Ifuf^pfK')  are  easily  killed,  and  have  hut  liltle  infecting  power; 
when*as  the  growth  of  the  spirilla  outride  of  the  body  incrt^ases 
their  resistance  (for  example,  against  the  gastric  juice)  and  makes 
them  at  the  same  time  more  capable  of  cansing  infection  in  new 
individuals,  Thev  are  easily  destroyed  by  desiccation  in  free  air 
{Guyon)  and  by  high  tem|>eratures,  and  by  boiling  for  a  short 
time*  They  art*  easily  supplanted!  by  saprophjiic  bacteria  when 
the  nutrient  material  and  the  temt>erattirc  arc  not  suitable.  In 
the  contents  of  privy-vaulls  they  soon  die  out  (A'/icA),  They  are 
very  easily  killed  by  acids,  mercuric  cldoride.  and  carbolic  acid. 
According  to  observations  hy  Ktrh,  they  may  live  in  well  water  for 
thirty  days,  in  sewage  for  seven  diiys,  and  on  dump  linen  for  lhr*-*e 
to  four  days.  Xirfiti  and  He  it  ft  th  founrj  them  alive  after  eighty-one 
days  in  water  taken  from  J  he  harbor  of  Marseilles. 

In  cultures  they  Rf>metimes  fonn  short  nxls,  rnftre  or  less  curved 
(Fig.  t>13)  and  often  joined  In  pairs;  at  other  times  they  form 
long  sf^iraL*.  With  lhes<^  then*  also  cwcnr  straight  rods,  and  oc- 
cai^ionally  the  imijttrity  form  rods  which  show  the  cur\e  only  im- 
perfectly or  not  at  all. 

At  a  certain  degree  of  exhaust it»n  of  the  fcMHl-material  there 
fr?!quentiy  appear  involution  forms,  in  which  the  rods  art^  some^ 
times  shrunken,  sometimes  swollen,  thiLs  creating  a  great  variety 
of  fomis.  A  elobular  swelling,  as  well  as  the  formation  of  spots 
which  do  not  take  tlie  staiu  in  slainc^d  preparations,  ticcurs  as  the 
rcssult  of  degeneration,  and  liave  often  been  erroneously  interpreted 
iis  phenomena  of  fructification.  Spore  formation  Ijas  not  Ih-tu  dt*- 
itmnsfrated.  The  addition  of  hy<lrochloric  or  sulphuric  acid  to 
c»dtnre,«s  of  cholera-spirilla  ni  peptone-con taintng  media  (j^'ptone- 
meal-infusion  or  an  alkaline,  one-jKr-cent  Bokition  of  f»eptone  containing  one  per 
(sent  of  salt)  causes  the  culture  to  assume  a  rose-red  or  Burgundy-red  color,  due  to  the 
4.1 
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tonnation  of  a  coloring-matter,  choiera-rcd .     According  to  Salkouskiy  this  is  a  nitruKO 
iiidol  reaction. 

In  order  to  facilitate  the  separation  of  cholera-spirilla  from  other  intestinal  bacteria, 
Schottelius  recommends  the  mixing  of  the  dejecta  with  double  the  amount  of  a  slightly 
alkaline  meat-infusion,  and  allowing  the  mixture  to  remain  uncovered  for  twelve  hours 
at  a  temperature  of  from  30'' -40"  ('.  Tlie  spirilla  re(|uiring  oxygen  ^ill  develop  par- 
ticularly upon  the  surface,  and  may  be  easily  transferred  thence  to  plate-cultures. 
Koch  recommends  for  this  pur|)ose  a  solution  of  i)ej)tone  with  common  salt. 

According  to  investigations  by  Xicati,  RieLsch,  ran  Ermemjvm,  and  Koch,  symptoms 
resembling  cholera  may  be  produced  in  exiwrimental  animals  through  the  introduction 
of  cholpra-spirilla  into  the  intestinal  canal.  This  experiment  succeeds  when  cultures 
are  intHxluced  directly  into  the  duodenum  or  small  intestine  (Xicati  and  RietJich):  as 
well  as  when  the  gastric  juice  of  the  animals  (guinea-pigs)  is  neutralized  with  a  five- 
per-cent  solution  of  soda,  the  bowels  being  quieted  by  an  injection  of  1  c.c.  of  tincture 
of  opium  to  every  200  gm.  of  the  body- weight,  and  one  or  more  drops  of  a  pure  culture 
of  tlie  spirilla  then  introduced  into  the  stomach  (Koch). 

The  animals  tluis  in(x»ulated  die  with  marked  symptoms  of  collapse.  The  small 
inte^tin^  is  found  to  be  filled  with  a  watery,  flocculent,  colorless  fluid  containing  spiriUa 
in  great  numbers;    the  intestinal  mucosa  is  reddened  and  swollen. 

The  poison  which  is  produced  by  the  cholera-bacillus  and  which  causes  the  cjssen- 
tial  clinical  symptoms  of  a  cholera- in  feet  ion  is  not  known.  Gamal^'ia  believes  that  it 
is  a  nucleo-albumin:  Schnll,  that  it  is  a  peptone  (choleratoxopepton).  Pfeiffer  is  of  the 
opinion  thnt  it  is  an  element  of  the  cell-body.  According  to  Metachnikoff  and  others,  it 
is  secretei  by  the  cells.  According  to  Opj^enheimer^  it  is  probably  an  endotoxin  which 
is  very  labile  and  easily  passes  over  to  a  secondarv  poisonous  mixture  rich  in  toxoids. 
Further,  the  spirilla  contain  a  bacterial  protein  which  w?  rot  specific  and  which  excites 
inflammation. 

The  HrvleHce  of  cholera-cultures  differs  greatly,  according  to  the  place  of  origin  and 
the  age.  The  virulence  decreases  with  the  age.  Guinea-pigs  which  are  very  suscep- 
tible to  intraperitoneal  inoculations  of  cholera  may  be  protected  against  this  infection 
by  the  intraperitoneal  injection  of  attenuated  cultures;  but  no  absolute  immunity  can 
he  pnxluced  in  this  way.  The  blood-serum  of  human  individuals  that  have  recovere<l 
from  an  attack  of  cholera  shows  protective  properties  for  guinea-pigs  for  several  weeks 
after  the  attack. 

The  nitroso-indol  redaction  in  cultures  of  the  cholera -spin  11a  is  due  to  the  fact  that 
th(»  cholera-apirilhnn  in  peptone  solutions  not  only  forms  indol  but  also  nitrites.  The 
addition  of  hydnurhloric;  or  sulphuric  acid  sets  free  nitrous  acid  which  forms  a  red  color 
witli  indol.  With  the;  Sin'rillnni  of  Finkler,  \.\\i\  Spirillum  <jf  MetHc?inik4tff,  and  the  Spir- 
al nut  <ff  J)enf'h\  which  also  j)roduce  indol,  the  red  color  of  the  cultures  occurs  only  when 
j)otassium  nitrite  is  added  with  sulj)huric  acid,  or  when  nitrous  acid  alone  is  added. 

Spirilla  Resembling  tlie  Cholera-Spirillum. 

(1)  The  Sinnlhiiii  of  FinkUr  and  Prior,  found  by  these  observei-s  in  the  dejecta  of 
jKTSons  sutl'ering  from  cholera-nostras,  after  the  discharges  have  stood  for  some  time  in 
a  vessel.  The  spirilla  are  very  similar  to  the  cholera-spirilla,  only  somewhat  longer  and 
thicker.  In  plate-cullurcs  they  are  distinguished  from  the  latter  only  in  the  fact  that 
the  small  colonics  are  not  distinctly  granular  and  have  a  sharp  contour.  Gelatin  is 
tpiickly,  not  slowly,  licjueticd;  and  consequently  in  stab-cultures  after  twenty-four 
hours  a  sjic-like  tube  filled  with  cloudy  fluid  (Fig.  515)  is  formed,  which  soon  reaches 
the  walls  of  the  tube. 

On    potatoes  (/^V //////<).  even  at  room  temperatures,  they  form  within  forty -eight 
hours  a  grayish  yellow,  slimy  coating,  sharply  marked  off  from  the  substance  of  the    ' 
l>otato  by  a  whitish  border;  while  cholera-spirilla  do  not  grow  at  all  at  room-temper     - 
ature.  and  at  higher  temperatures  form  brown  coatings. 

Further,  they  cause  a  foul  smelling  decomposition;  and  are  rather  resistant  to  dry 

ing.     AVhen  introduced  into  the  intestine  of  guinea-pigs  by  the  metluKl  given  above 
they  j)rodnce  «*fTects  similar  to  those  caused  by  cholera-spirilla,  but  less  intense. 

It  is  very  doubtful  whether  the  Spirillinn  of  Finkler  and  Prior  posse&ses  a  patIio» 

genie  significance  for  cholera-nostras,  since  the  dejecta  from  which  these  investigatoi a 

ohtained  their  cultures  were  not  Iresh  ;  and  other  authors  have  failed  to  find  tliespiri/W,* 
in  corresponding  cases  (KfrftdiM,  "Zur   Aetiol()gi(r   der  Cholera  nostras.''  ZeitacJir.  ^^3 
//y.7..  vi.,  1880)       Knixl  [MiinrhrHvv  drzllichcii  IntrUi'jenzblatt,  1885).  on  the  other  han ^7 . 
found  them  in  the  ca-cal  contents  of  a  suicide. 
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(3)  fipirillma  it/rof/cntim,  found  iu  cheese  by  Deneke  in  Fliigge's  Institute  {Deut. 
med.  WocJieiiHchr.,  1885).  is  also  very  much  like  the  cholem-spirillum.  but  is  somewhat 
smaller,  and  the  long  spiral  threads  are  more  closely  wound.  Cult- 
ures on  gelatin -plates  form  at  first  sharply  contoured  discs  that  by 
low  magnification  appear  dark,  and  litiuefy  the  gelatin  more  ra|*)- 
idly  than  the  spirillum  of  Koch.  In  stab-cultures  they  behave  like 
the  Finkler-l'rior  s))irillum,  but  do  not  grow  upon  potato. 

(8)  8pirillvm  ^putigemim  is  a  spirillum  of  the  shape  of  a  curved 
rod,  somewhat  longer  and  thinner  than  the  cholera-spirillum.  It 
occurs  in  the  saliva,  and  cannot  be  cultivated  upon  the  ordinary 
media. 

(4)  Vibrio  of  Mttschnikoff  {Gamalei*!,  "Vibrio  Metschnikovi  et 
sea  rapports  avec  le  microbe  du  cholera  asiatiquc,**  AnruU.  d.  Vliutt. 
Past.,  ii.,  1888;  iii.,  1889;  Ifeiffer,  "Ueber  den  Vibrio  Metschnikovi 
und  sein  Verhaltniss  zur  Cholera  asiatica,"  Zeitschr.  f.  llyu.y  1889) 
is  a  flasion- fungus  isolated  by  GamaleYa  iu  an  epidemic  occurring 
in  chickens  in  Odessa,  which  Avas  characterized  by  diarrhoea  and 
cnteritia  When  cultivated  it  shows  a  very  greal*^  resemblance  to 
the  cholera-spirillum  of  Koch.  The  spirillum  is  most  easily  ob- 
tained pure  by  inoculating  pigeons  with  the  blood  of  diseased 
chickens.  The  pigeons  die  in  from  twelve  to  twenty  hours  and 
show  the  spirilla  in  the  blood  and  in  the  intestinal  tract. 

JgfMgrZt*?' has  tninsferred  Relapsing  Fever  to  the  protozoan  dis- 
(;ases,  following  *S7(f/iw^7</i/r*  view  that  the  spirocluvtes  are  protozoa. 
If  this  opinion  be  correctt,  Syphilis  should  likewise  be  classed  with 
the  protozoan  infections.  As  mentioned  below,  the  correctness  of 
such  a  view  is  doubted  by  other  writers  (AV^r//),  who  Injlieve  that 
the  spiroclijetes  arc  bacterial  and  are  to  be  classed  with  the  spirilla. 
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CHAPTER  XI. 

The  Yeasts  and  floulds,  and  the  Diseases  Caused  by 

Them. 

§  180.  The  yeasts  (Bla5tomycetes)aud  the  moulds  (Hyphomycetes) 
belong,  as  do  the  schizomycetes,  to  the  nou-chlorophyllaceous  thallo- 
phytes.  With  the  schizomycetes  they  have  no  phylogeuetic  relationship ; 
on  the  other  liand,  they  are  closely  related  to  one  another,  and  both  be- 
long to  the  branching  fungi  or  the  eumycetes. 

The  moulds  and  yeasts,  like  the  schizomycetes,  deriv^e  their  nourish- 
ment from  organic  substances  containing  carbon.  The  majority  find 
their  food  in  dead  organic  substances,  and  belong  therefore  to  the  mpro- 
phyies;  some  are  able  to  obtain  nourishment  from  living  tissues,  and  are 
to  be  classed,  at  least  at  times,  with  the  parasites.  In  human  beings  both 
forms  occur. 

Outside  the  organism  the  moulds  are  generally  known  as  the  pro- 
ducers of  the  different  mouldy  films  which  so  frequently  develop  upon 
organic  substances.     They  belong  to  different  groups  of  fungi. 

The  yeast-fungi  are  the  cause  of  alcoholic  fermentation,  and  form  the 
scum  on  the  top  of  alcoholic  beverages. 
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§  181.  Yeasts  occur  in  man  in  the  form  of  naked  or  encapsulated,  oval 
or  round  cells  oH  varying  size.  They  are  found  cliiefly  as  harmless  sapro- 
phytes, most  frequently  in  the  upper  part  of  the  intestinal  (^nal — in  the 
stomach — where  they  are  almost  constantly  present;  and  when  beverages 
in  the  process  of  alcoholic  fermentation  are  taken  they  may  occur  in 
large  numbers,  and  may  also  multiply.  In  the  bladder  they  may  like- 
wise multiply,  in  case  the  urine  contains  sugar ;  and  may  cause  fermen- 
tation of  the  urine  with  evolution  of  carbonic-acid  gas. 

As  parasites  no  importance  has  been  attached  to  them  until  very 
recently,  but  the  investigations  of  Busse,  Buschke,  Sanfelice,  Curtis,  and 
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Fig.  5l6.-Snccha- 
romyc^s  eUipticnulctin. 


others  have  established  the  fact  that  there  are  also  species  of  Saccharo- 

mycetes  of  pathogenic  importance.     According  to  these  observations  the 

pathogenic  yeasts  can  multiply  in  different  tissues,  in 

the  skin,  periosteum,  lungs,  and  glandular  organs,  and 

can  excite  either  purulent  inflammationSy  or  proliferations 

of  granulation  tissue,  which  run  a  course  similar  to  that 

of  an  infection  with  actinomycosis  or  tuberculosis.     In 

inflammatory  foci  the  yeast  cells  are  for  the  chief  part 

provided  with  a  capsule.     They  may  be  present  in  large 

numbers  so  that  through  their  mass  alone  they  may  give 

rise   to  tumor-like  swellings.     Through  degenerative 

changes,  crescentic  forms  may  develop  from  the  oval 

yeast-cells. 

In  solutions  containing  sugar  the  blastomycetes  form  oval  cells  (Fig. 
510).     Keproduction  takes  place  through  budding  and  constriction ;  on 

any  portion  of  the  parent  cell  there  may 
develop  an  excrescence,  which  is  constrict- 
ed off  after  it  reaches  the  size  of  the  mother 
cell.  Under  certain  conditions  the  cells 
may  grow  out  into  threads  or  hyphs,  but 
in  these  threads  no  subsequent  segmenta- 
tion occur;  jointed  threads  arise  through 
budding.  A  dilute  culture-medium  favors 
the  formation  of  threads. 

riould-fungi  are  found  in  man  partly 
in  the  form  of  simple  or  branched,  un- 
jointed  or  jointed  threads  of  varying  thick- 
ness; and  partly  as  oblong  or  even  as 
spherical  cells.  The  threads  are  desig- 
nated as  hyphaB  (Figs.  517,  518),  and  the 
mass  which  they  form  as  mycelium  ;  the 
si)lierical  or  long  oval  or  short  cylindrical 
cells,  which  are  frequently  arranged  in  the 
form  of  a  rosary,  as  spores,  or  l)etter  as 
con  id  la-spores  (Figs.  517,  518).  Only  rare- 
ly has  there  been  observed  within  the  body 
a  fructification  upon  special  fruit-organs. 
The  moulds  are  pjirtly  saprophytes  and  partly  parasites ;  and  are 
found  almost  exclusively  in  regions  accessi- 
ble from  without,  as  the  skin,  intestinal 
canal,  respiratory  tract,  external  ear,  vagina, 
et(5.  Only  exceptionally,  and  under  especial 
conditions,  do  they  reach  the  internal  organs, 
as,  for  example,  the  brain.  It  is  evident  that, 
on  the  whole,  the  living  tissues  of  the  human 
organism  do  not  afford  a  suitable  nutrient 
medium  for  the  mould-fungi,  and  the  life- 
activities  of  the  tissue-cells  for  the  greater 
part  do  not  permit  their  development  and 
multiplication.  The  need  for  oxygen  pre- 
vents the  growth  of  moulds  in  many  tissues; 
and  for  many  moulds  the  temperature  of  the 
body  is  too  high.  Moreover,  the  chemical  composition  of  the  tissues 
does  not  offer  to  the  moulds  a  favorable  mixture  of  nutrient  material. 


Fig.  517.— Fresh  favus-mass  conslst- 
Inj?  of  taypbii',  conidia,  and  epitbelial 
cells.    (After  Neumann.) 


Fig.  518.— From  a  growth  of  tlinish 
on  the  tonfrue  of  a  man  dyin^  of  iv- 
phoid  fever.     X  275. 
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Moutds  growing  as  saprophytes  imvnr  iu  man  most  frequently  m 
the  Lilitiientary  enuul,  pailieularly  in  the  mouth,  phnrfjiix,  and  wmjfhnfpis. 
They  tlev^^lop  in  Ihrse  i-e^Mun^^  piLrHeiihiily  when  the  ioj^^^'ista  or  desqiia* 
luated  eells  lie  uudi.stnjbed  in  one  inisition  for  n  lon^  time,  and  when  the 
f  II  art  u  m  uf  I  la-  iirgan  eoneer  ned  i  s  lo  we  red.  They  ivre  reeognked  through 
the  formation  of  hyidne  anrl  ernddia. 

In  the  external  utuJifortf  eamd  moiihls  grow  esij>f3cially  iu  abnormal 
ml^sse.s  whieh  till  up  the  pass;ij;«  and  eonsist  in  part  of  cernaien,  or  of 
iiUlaainisilory  exudates  and  desquamated  eells,  and  in  part  of  substances 
introdaeed  from  without. 

In  the  lunfjH  moulds  are  oeca«ionany  fonatl  npon  tlie  necrotic  wall  of 
cavities,  partieularly  thosc^  due  to  tuberculosis,  as  well  as  in  necrotic  and 
gangiTunns  hieniorrhagic  infarcts,  ek\  In  the  air-passages  they  are 
obs4Tved  na>st  fretpn^ntly  in  brunch ii'ctases. 

In  the  alimentary  tiiict,  as  well  as  in  the  ear  and  lungs,  the  moulds 
f«trm  ehietly  a  whitish  dt^posit  t*n  (*r  in  I  lie  tissues.  In  the  event  of  fruc- 
titieation  upon  especial  frnit-liearers  tla^v  may  take  on  a  l>rown,  gray,  or 
even  black  appearance.  In  lint  intestinal  canal  the  food  and  drink  may 
give  them  various  colors. 

At  first  the  moulds  grow^  in  dead  material,  but  they  may  |)enetrate 
thence  more  or  less  extensively  into  living  tissue;  and  cases  have  been 
observed  in  which  they  have  even  entered  the  cireulation  and  liave  been 
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Fici,  5lii.^Seot|on  thrr>uph  a  tdninli-in-nverpd  ixiK>p?]iif7u»  of  n  hniiin  rhlM  (ntfNrihoL  mmilnc.  fjmm'B). 
cf,  C(!i|iiHj<^Tl\t>  ll^ue;  F',  EKiiriiul  t'Tillhi'lhini;  r*  si\\n||Mii  aurt  i|rx|iiuiiiut*Hl  initlltflluiu  EnltllrutHd  witti  fiirj- 
(ritb-lbreiuJs  ;  <(,  t-pItbuJIiiDi  luJlllralt^l  with  €«:ll*;  t\  ttw-rt  und  baeilJil ;  /,  iTllulwr  fmiw  In  the  c*sntjertlve 


carried  by  I  he  bloiul-stieam  to  distant  oigans.  Thustiie  fungous  growth 
called  thrush  which  ap[»cars  chielly  upon  the  inncous  membiaiR*  of  the 
nwitth,  phariffw,  and  asftjthuf/ifs,  and  juoj'c  iiucly  npnn  tliat  of  the  Htnmavh^ 
irtU'fftinr,  and  nt^jhrn,  and  upon  the  nipphn  of  nursing  women,  cannot  \h* 
regard<Ml  as  a  pure  sa|)ro]>Iiytic,  bnt,  on  the  contrary,  is  a  parasitic 
g^rowtht  whii'h  penetrates  into  li\iug  epillielium  (Fig.  519,  r),  and  e\en 
inbi  the  unth^rlying  eonne<^tive  tissu<*.  It  is  true,  however,  that  tlirnsh 
oceans  chirtly  in  infants  and  in  ih*bilihited  invalids  who  are  no  lortger 
able  to  cleans<:^  the  montli,  throat,  and  ies<»phagus,  so  that  some  esikceml 
hical  ]*redis]>ositi<»n  api*ears  to  be  neei'Ssary  for  its  development,  and  it 
is  ]*robable  that  the  primary  cohinixation  of  the  fungus  takes  place  in 
dead    material.     Nevertlieless,  there  occui'8  then  an  active  penetration 
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into  living  tissue — that  is,  first  into  the  epithelium  (c,  d)y  but  often  also 
into  the  connective  tissue  (a,f),  and  into  the  blood-vessels,  and  from 
these  portals  of  inviusion  there  may  develop  metastases  in  the  internal 
organs.  Thus,  Zenker  has  observed  hyphse  and  conidia  in  an  abscess  of 
the  brain ;  and  Paltauf  has  reported  a  case  in  which  a  mould-fungus  was 
conveyed  from  an  intestinal  ulcer  to  the  brain  and  lung.  Schmorl  and 
Heubner  have  described  thrush -metastases  in  the  kidneys. 

Moreover,  growths  of  moulds  in  the  lungs  are  not  always  confined  to 
dead  material  or  to  the  cavity  of  the  bronchus,  but  it  happens,  though 
rarely,  that  they  penetrate  into  the  living  respiratory  parenchyma,  form- 
ing small  white  or  yellowish,  nodular  masses,  within  which  the  lung  tissue 
is  necrotic,  while  in  the  neighborhood  there  is  formed  an  inflammatory 
infiltration.  In  the  injured  cornea  they  may  likewise  penetrate  into  the 
tissue  and  cause  necrosis  and  inflammation. 

Local  colonizations  of  moulds  which  penetrate  into  living  tissue 
cause  a  more  or  less  marked  irritation  of  the  surrounding  tissues,  and 
give  rise  to  tissue- degenerations  (Fig.  519,  c)  and  inflammation.  Such 
changes  may  be  observed  in  mycosis  of  the  lung,  as  well  as  of  the  intes- 
tine (c*,  dy  f)  and  ear.  When  invading  the  lungs  they  form  growths  of 
hyphsB  which  resemble  the  granules  of  actinomycosis,  and  are  surrounded 
by  collections  of  cells.  Their  action,  however,  is  always  limited,  and 
they  produce  no  substances  which  are  injurious  to  the  organism  as  a  whole, 
or  cause  symptoms  of  poisoning.  The  frequently  reported  finding  of 
moulds  in  abscesses  of  the  subcutaneous  tissues  and  internal  organs  are 
probably  to  be  interpreted  as  due  to  the  fact,  that  along  with  the  bac- 
teria causing  the  suppuration,  moulds  also  get  into  the  tissues,  as  well 
as  into  the  circulation.  A  general  spreading  of  mould-fungi  does  not 
occur  in  these  cases,  in  that  the  further  development  of  the  same  is  con- 
fined to  the  place  of  the  metastasis. 

Tlie  niouUls  which  are  siiprophytic,  or  are  to  a  limited  extent 
parasitic  in  man,  belong  to  the  Mucor,  Aspergillus,  and  Eurotium  gen- 
era. From  the  ear  various  species  have  been  obtained:  AsprngiUus  fumi- 
gaim  (  Fresen),  AspergiUus  flavus  or  flavescens  (Brefehl,  Wreden),  As- 
pergillus tn'gcr  or  nigricans  (Van  Tieghem,  Wreden,  Wilhelm),  Aspergilluji 
nidukuis  (Kidaui),  Eurotium  nialignum  (Lindt),  Mucor  corgmbifer,  and 
Trichothccium  rose  urn ;  and,  in  so  far  as  known,  these  are  the  same  species 
which  occasionally  occur  in  the  respiratory  tract. 

In  the  majority  of  cases  it  is  necessary,  in  order  to  determine  the 
variety  of  mould,  to  make  cultures  upon  suitable  nutrient  media  (decoc- 
tion of  bread,  bread-agar,  potato,  gelatin,  etc.).  On  these  the  conidia 
which  are  sown  grow  out  into  germ-tubes,  and  form  simple  or  branched, 
unicelhilar  or  multicellular  threads,  on  which  arise  the  peculiarly  con- 
structed I'ruit-beai^ers  characteristic  of  the  species,  which  eventually  pro- 
duce conidia.  Many  also  form  spores  through  the  copulation  of  cells  of 
the  mycelia,  especially  when  the  supply  of  oxygen  is  lowered  (Brefeld, 
Siebeuniann). 

In  the  niucors  there  appear  especial /rw?7-/>ea/Yr«  (Fig.  520,  c),  which 
according  to  the  species  are  either  single  or  branched,  and  on  the  ends  of 
which  there  are  knob  like  swellings  from  which  the  sporangia  (d) — that 
is,  S])lierical  vesicles  filled  with  conidia-spores — grow. 

Mucor  conjmbi/cr,  for  example,  forms  branched  fruit-bearers  (Fig. 
520,  c).  The  sporangia  (d)  on  the  ends  poss(-ss  a  smooth  membrane  and 
enclose*  at  the  time  of  ripening  yellowish  conidia-spores. 
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Fig.  530.— Mufor  corjfmltifer  in  fructlflcatlon  (cultunt  upon 
fflasH-HllUe) .  (U  Aerial  by pba* :  b,  myoella  lying  within  the  nutri- 
ent gelatin ;  c,  branching  fruit-bearers ;  u,  sporangia.    X  lU). 


The  aspergilli  form  conidia-hearers,  which  swell  out  spherically  above, 
and  then  produce  luimerous  sterigmata — that  is,  cone-like  outgrowths, 

radially  arranged,  thickly 
crowded,  and  sprouting 
out  from  the  upper  half 
of  the  sphere.  From  ejich 
sterigma  a  chain  of  conidia 
is  later  constricted  off  (Fig. 
521.  ff,  h). 

The  hoianmd  portion  oj 
the  fungu4i  of  thrush  is  still 
unsettled.  Formerly  it 
was  called  Oidium  albi- 
cans, and  cliissed  with  tin* 
genus  O'ldiuiu,  which  oc- 
curs in  different  species  in 
the  form  of  filmy  coat- 
ings upon  organic  sub- 
stances. \VTien  cultivated 
from  conidia  it  produces 
liypha;  which  become 
jointed  and  develop  coni- 
dia through  a  transverse  division  of  the  threads,  but  form  no  peculiar 
fruit-beai-ers. 

According  to  Rees,  Grawitz,  Kehrer,  the  thrush-fungus  grows  by 
budding  and  by  the  production  of  mycelia  and  conidia,  which  in  turn 
produce  at  their  ends,  by  a  piocess  of  constriction,  new  conidia,  in  a 
manner  similar  to  that  which  takes  place  in  the  forms  of  mycoderma 
belonging  to  the  yeast-fungi. 
Consequently  this  fungus  should 
be  designated  Mycodet-nia  albi- 
cans. Linossier  and  Roux  are, 
however,  of  the  opinion  that  the 
thrush-fungus  does  not  belong 
at  all  to  the  ssiccharomycetes, 
and  they  regard  its  classification 
at  the  present  time  as  impossi- 
ble. Cad,  who  has  investigated 
numerous  varieties  of  oidium ,  re- 
gards the  oidia  as  a  well-defined 
class  of  fungi  standing  between 
the  bhistomycetes  and  the  hy- 
phomycetes,  which  tliey  ap- 
proach through  their  production 
of  mycelia. 

According   to   Plant   the 
thrush-fungus  is  identical  with  a  nu)uld,  Moniiia  Candida,   which  occui-s 
frequently  in  nature.     Kehrer  suspects  that  it  is  one  of  the  higher  mouhls 
which  has  become  degenerated  through  panisitism. 

Acconling  to  ^^ujnayer  nW  raneiiiH  of  yvuxtn  wn^  resistant  to  the  digestive  juicos, 
and  may  pass  through  the  hiiman  intestinal  tnict  without  being  kiUed.  Without  the 
coincident  introduction  of  some  fermentable  subst^uiee  they  are  harmless.  They  exert 
an  influence  upon  the  intestinal  canal  only  when  fermentabl<»  substances  are  introducejl. 
whereby  at  the  high  tempeniture  of  the  bo<ly  abnormal  prcMluets  <»f  fermentation  are 
produced  having  an  irritating  action  upon  the  intestinal  tract. 


Fio.  .'>21.— Hvphr©  with  roiii<lla-l»t»Hn'rsof  ^»per(7f//»/* 
fumigatus.  ri,  Knilt-hend  lii  optical  crofls-set'tlon ;  /*, 
fnilt-bead  xeen  from  above.     X  275. 
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Busae  found  (1894)  great  numbers  of  yeast-oells  developing  in  the  diseased  areas 
present  in  a  woman,  thirty-one  years  of  age,  who  died  from  multiple  inflammations  of 
the  bones,  skin,  lungs,  kidneys,  and  spleen,  partly  timior-like  and  partly  abscess-forming. 
According  to  his  findings  it  may  be  r^arded  as  certain  that  the  yeast  was  the  cause  of 
the  disease.  The  ye:ist  could  be  easUv  cultivated  upon  suitable  media.  Mice  were 
particularly  susceptible  to  inoculation,  aying  in  from  four  to  eiehtv-three  days  after  the 
mjection.  At  death  the  yeast-cells  were  found  to  have  markedly  increased  both  at 
the  point  of  inoculation;  and  also  in  the  internal  organs.  A  proliferation  of  tissue 
occurred  only  after  a  long  duration  of  the  infection. 

Buschke  found  yeasts  in  multiple  ulcers  of  head  and  neck,  arising  from  acne-like 
lesions.  Gilchrist  and  Stokes  found  yeasts  in  a  lupus-like  affection  of  the  skin.  Loxcen- 
bach  and  Op})evheim  found  a  yeast  in  the  skin  of  the  nose  shewing  formation  of  nodules 
and  scar-tissue. 

In  1896  Gilchrist  reported  observations  on  a  peculiar  progressive  affection  of  the 
skin  characterized  by  epithelial  hyperplasia,  miliary  abscesses,  and  infiltration  of  the  cutis. 
In  the  abscesses  doubly-contoured  refractive,  rouiid  and  oval  bodies  were  foimd.  They 
varied  in  size  from  10-20  /i  and  presented  buds  of  varying  size.  To  this  organism  the 
name  of  Blastomyces  dermatitidis  was  given,  and  the  skin  condition  was  called  blasio- 
mycetic  dermatitis.  About  fifty  cases  of  this  kind  have  since  been  reported,  the  majority 
of  them  by  Chiciigo  observers.  In  sjme  of  the  cases  a  fatal  generalized  infection  has 
been  seen.  The  organisms  cultivated  from  the  cases  fall  into  three  groups:  1,  a  blasto- 
mycetoid;  2,  an  oidium-like;  and  3,  a  hyphomycetoid  group.  According  to  Ricketts 
they  may  be  included  in  a  common  genus,  Oi-dium,  and  he  has  proposed  the  term 
oidiomycosis  for  the  various  lesions  produced  by  these  organisms.  At  the  present  time 
the  exact  botanical  classification  of  the  latter  is  not  possible. 

Under  the  designation  of  coccidioidal  ^antdoma  there  have  been  reported  eighteen 
cases  (fourteen  of  these  known  to  have  lived  in  California)  of  a  condition  closely  re- 
sembling oidiomycosis,  but  apparently  differing  from  it  in  certain  clinical  characteristics 
and  in  the  nature  of  the  organisms  found  in  the  lesions.  It  runs  a  more  severe  and 
progressive  course  than  the  latter  condition,  and  generalized  infection  is  the  rule.  The 
organism  multiplies  by  endogenous  sporulation  instead  of  by  budding.  Ophtils  would 
class  it  with  the  oidia  under  the  name  of  Oidium  coccidioides.  The  lesions  produced 
by  it  resemble  tubercles  closely  in  the  majority  of  cases,  and  clinically  the  disease  has 
been  mistaken  for  tuberculosis. 

Sanfeli^e  experimented  with  yeasts  from  fruit-juices,  and  found  among  these  one 
pathogenic  for  guinea-pigs  {Saccharomyces  neoformans)  and  one  pathogenic  for  chickens 
and  dogs  (Saccharomyces  lithogenes).  Curtis  found,  in  multiple  proliferations  of  the 
skin  resembling  myxosarcoma,  yeast-cells  which  were  pathogenic  for  mice,  rats,  and 
dogs.  Cohn,  wlu)  experimented  with  the  yeast  described  bv  Klein,  found  that  its 
inoculation  into  the  peritoneal  cavity  of  mice  caused  death  through  the  formation  of 
greit  ycist-tumors.  The  intravenous  infection  of  larger  animals  led  to  severe  dis- 
turbances of  brain  and  spinal  cord,  associated  with  inflammation  of  the  mucous  meni- 
hrancs,  particularly  of  the  conjunctiva. 

Sanfclice,  Corsclli,  Frisco,  Roncali,  Binaghi,  Leojwll,  and  others  believe  that  blasto- 
i:»ycetes  may  be  the  cause  of  true  tumors,  sarcoma  and  carcinom  i;  but  true  tumors  have 
never  yet  been  produced  experimentally  by  inoculations  of  yeast-cells  or  by  injections 
of  the  same  into  the  blood.  Only  suppurations  and  inflammatory'  tissue-proliferations 
have  been  produced  by  such  experiments;  and  the  finding  of  yeast-like  structures  in 
true  tumors,  even  if  part  of  these  were  true  yeast -cells,  does  not  permit  of  the  conclusion 
that  tumors  are  caused  by  yeasts. 

According  to  investigations  by  Koch,  Ldffler,  LiclUheim,  Hilckel,  and  Limit,  the 
conidia  of  Asf>ergillus  fumiyatus.  A.  flarescens,  A.  nidulans,  Eurotium  malignum,  Mu- 
cor  rhizopodijormis,  M.  corymbifer,  M.  pusillus,  and  M.  ramosus,  grow  at  the  body- 
temperature,  and,  when  introduced  into  the  blood-current  of  animals,  grow  into  the 
tissues  and  form  hypha»,  although  there  isno  new-formation  of  conidia.  and  consequently 
no  progressive  infection  of  the  animal  extending  beyond  the  area  within  which  the  spores 
have  been  introduced.  Conidia  of  Mucnr  rhizo}H)d\Jormis  and  M.  corymbifer  grow, 
when  introduced  into  the  blood-stream  of  rabbits,  chiefly  in  the  kidneys  and  the  lym- 
phatic apparatus  of  the  intestines,  where  they  cause  a  ha?morrhagic  inflammation. 
Accordinj^  to  Cao,  there  are  different  species  of  oi:lia  which,  when  injected  into  rabbits, 
cause  inflammations,  abscesses,  or  proliferations  of  granulation  tissue;  and  many  pro- 
duce also  a  toxic  action  upon  the  organism. 

According  to  i'cui,  Aspergillus  jumigat  us  which  grows  at  summer  temperature  pro- 
duces poisons  in  its  conidiii.  One  of  these  can  be  extracted  with  alcohol  and  causes 
tetanic  convulsions  m  experimental  animals.  The  aspergillus  growing  upon  corn  plays 
an  important  role  in  the  etioloiry  of  pelliirra. 

Aspergillus  mycoses  of  the  respiratory  tract  are  not  rare  in  anlmalSt  espe- 
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cially  in  birds,  and  the  proliferating  mycelia  cause  tissue-necrosis  and  infiammation. 
According  to  Chaniemeaae,  Aspergillus  fumigatus  causes  in  pigeons  diseased  conditions 
of  the  mouth,  lungs,  liver,  and  kidney,  that  of  the  first  two  or^ns  resembling  diph- 
theria, that  of  the  latter  two  closely  resembling  tuberculosis,  it  may,  therek>re,  be 
designated  pseudotuberculosis  dspergiUina.  According  to  Potain,  the  infection  maybe 
transmitted  to  man  and  give  rise  to  ulcerative  diseases  of  the  lung. 

Euroiium  and  Aspergillus,  according  to  Sithenmann,  are  two  different  families, 
having,  however,  a  close  resemblance  to  each  other,  in  that  the  mycelia  and  conidia  are 
similarly  formed.  The  essential  differences  between  the  two  lie  m  the  fact  that  Euro- 
Hum  produces  perithecia  in  the  form  of  shining,  li^ht-yeliow  or  sulphur-yellow,  translu- 
cent bodies  the  size  of  agrain  of  sand,  delicate  and  easily  crushed,  and  which  ultimatelv 
develop  into  spores  capable  of  germination;  while  the  tnie  Asj^ergiUus  forms  harcl, 
woody  sclerotia  usually  embedded  in  a  thick,  white  matted  mass  of  myoella.  The 
development  of  these  takes  place  in  two  periods.  The  sscond  part  of  the  development 
occurs  only  when  the  sclero.ium  find  j  a  lodgment  upon  a  moist  substratum. 

Aspergillus  flavus  of  Brefeld  {Euroiium  Aspergillus  flii*us  of  de  Bary)  forms  golden 
yellow,  green,  and  brown  growths;  round,  yellow,  olive-green,  or  brown  fruit-heads; 
round,  rarely  oval,  sulphur-yellow  to  brown  conidia  with  minute  warts  on  the  surface; 
diameter  5-7  //.  Aspergillus  fumigatus  of  Fresen  {Aspergillus  nigrescens  of  Rabin)  forms 
green.,  bluish,  or  gray  growths;  the  fruit-heads  are  long,  in  shape  resembling  an  inverted 
cone;  conidia,  round,  rarely  oval,  smooth,  mostly  clear  and  colorless;  diameter  2.5-3  ft. 
Asperaillus  niger  of  Van  Tieghem  {Euroiium  Aspergillus  niger  of  de  Bary)  forms  dark 
chocolate-brown  growths;  conidia  are  round,  brownish-black,  or  grayish-brown  when 
ripe;    surface  smooth  or  warty;    diameter  3.6-5  fi. 

Aspergillus  can  develop  upon  the  injured  cornea  and  give  rise  to  purulent  infiam- 
mation. Leber  {Grae/e*s  Arch.,  xxv.)  cultivated  it  upon  the  cornea  and  in  the  anterior 
chamber  of  the  eye  of  the  rabbit.  Finally,  Aspergillus  also  appears  in  the  pelves  of 
the  kidneys.  Babes  {Biol.  Centralbl.,  ii.)  U)und  the  conidia  and  hyphae  of  a  mould  in 
ulcers  of  the  skin  which  were  cov3red  by  scabs,  and  gave  to  it  tne  name  of  Oidium 
subtile  cutis. 
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§  182.  Thread-fungi  are  to  Im  legiirdiMi  sis  tlie  exciting  cause  of 
disease  in  certain  affections  of  the  sicin,  jis  favm,  herpes  tonsMnns, 
pityriasis  versicolor,  erythrasnui.  In  all  of  thes(*  diseiises  the  epithelial 
part«  of  the  skin  contain  colonies  of  hyphse  and  conidia,  and  there  re- 
mains no  doubt  that  their  i)resence  causes  in  part  tissue-degenerations, 
and  in  part  proliferations  and  intiajnmations. 

The  fungus  of  favus  (Fig.  517)  is  usnally  called  Achorion  Schonleini 
(discovered  by  Schonlein  in  1839). 

Favus  {tinea  favosa,  scald-head)  affects  particularly  the  hairy  portions 
of  the  head,  moi-e  rarely  other  regions,  as,  for  example,  the  substance  of 
the  nails.  It  is  characterized  by  the  formation  of  discs  ( favus  scutula)^ 
varying  in  size  from  that  of  a  lentil  to  that  of  a  five-c*ent  piece,  of  a  sul- 
l)hur-yellow  color,  and  indented  or  pierced  by  a  hair.  In  an  abortive 
course  it  may  merely  form  scales  similiar'to  those  of  Tierpes! 

According  to  Kapo3i,  the  favus  scutulum  originates  as  a  small,  punc- 
tiform,  yellow  focus  lying  under  the  epidermis  and  penetrated  by  a  hair. 
This  grows  in  a  few  weeks  to  the  size  of  a  lentil  and  then  forms  a  sul- 
phur-yellow, indented  dist*.  showing  through  the  upper  layers  of  the 
skin.  The  scutulum  consists  of  hyphae  and  conidia  spores,  and  lies  in  a 
cup-shaped  depression  of  the  skin,  beneath  the  horny  layer  which  is 
drawn  away  above  it.  If  the  mass  be  removed  during  life,  the  cavity 
shows  a  red  moist  surface.  The  favus  itself  forms  a  white,  crumbling 
mass  which  is  easily  disintegrated  in  water. 

If  the  seutula  are  not  removed,  they  join  together  to  form  larger 
masses.  When  the  epidermis  is  desquamated  the  favus-mass  becomes 
exposed  and  dries  up  into  a  yellowish -white,  mortar-like  material.  The 
hairs  api)ear  lustreless,  jis  if  covered  with  dust,  and  are  ejisily  pulled 
out,  since  the  mycelia  and  conidia  of  the  fungus  penetrate  into  the  hair- 
shaft  and  hair-bulb,  as  well  as  into  the  sheiith  of  the  hair-root. 

Through  the  growth  of  the  fungus-masses  the  hairs  may  not  only  be, 
shed,  but  the  pai>ill[B  may  become  atroi)hic.  At  the  sjime  time  there  is 
produced  in  the  neighborhood  of  the  hair-follicle  a  more  or  less  intense^ 
inflammation  which  may  take  on  an  eczematous  character. 

The  development  of  achorion  in  the  nails  {onychomycosis  favosa)  gives 
rise  to  sulphur-yellow  deposits  or  uniform  thickenings  of  the  parenchyma 
of  the  nails  with  simultaneous  loosening  and  cheesy  disintegnition  of  the 
same. 

Trichophyton  tonsurans,  the  funtrusof  herpes  tof\suTatvs^''^\m^^bev''^ 
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Uchj'^  ^^ringwarm^^),  consiHts  of  long  narrow  threads,  branching  bat  little, 
and  with  few  conidia.  It  forms  no  scutulous  masses,  but  x>enetrate8  easily 
into  the  hair-shaft,  and  makes  the  hairs  brittle.  It  shows  certain  differ- 
ences of  growth,  according  to  whether  the  herpes  develops  upon  hairy 
surfaces  or  upon  areas  devoid  of  hairs. 

Herpes  or  Trichophytosis  tonsurans  capHlUii  forms  bare  discs  varying  in 
size  from  that  of  a  five-cent  piece  to  that  of  a  dollar.  These  spots  in 
which  the  hairs  are  broken  off  short  look  like  places  in  which  the  hair 
has  been  badly  shaven.  The  surface  is  smooth  or  covered  with  scales, 
and  somewhat  reddened  at  the  border  of  the  disc.  If  the  fungus-threads 
penetrate  into  the  hair-folliclea,  pustules  and  scabs  are  formed.  Such 
discs  may  appear  in  many  places,  and  may  constantly  increase  in  size 
until  healing  finally  takes  place. 

On  places  devoid  of  hairs  the  herpes  forms  vesicles  (Herpes  tonsurans 
vesiciUasus),  and  red  scaly  spots,  discs,  and  circles  (Herpes  tonsurans  squa- 
mosus).  At  times  red  spots  appear  in  numerous  places;  these  quickly 
spread,  and  as  rapidly  heal.  The  fungus  is  found  between  the  up{>er- 
most  layers  of  the  epidermis,  just  beneath  the  stratum  comeum  (Kaposi). 

If  trichophyton  develops  in  the  nail,  the  nail  becomes  cloudy,  scales 
off,  and  is  easily  broken — a  condition  designated  as  onychomycosis  tri4^- 
phytina. 

Sycosis  parasitaria  arises  through  the  fact  that  the  development  of  the 
fungus  is  accompanied  by  a  severe  inflammation  of  the  hairy  parts  of 
the  skin,  leading  to  infiltration  and  suppuration — that  is,  to  the  forma- 
tion of  pustules,  abscesses,  and  papillary  proliferations.  According  to 
Kaposi  and  others  ecacema  marginatum  is  also  caused  by  the  trichophy- 
ton tonsurans.  The  condition  occurs  in  those  regions  where  two  surfaces 
of  skin  come  into  contact  with  each  other  and  are  macerated  by  sweat ; 
and  is  characterized  by  the  formation  of  vesicles,  pustules,  and  scabs, 
which  are  situated  in  the  periphery  of  a  pigmented  surface. 

Microsporon  furfur,  the  fungus  of  pityriasis  or  mycosis  versicolor 
or  dermatomycosis  furfuracea,  occurs  likewise  in  the  form  of  hypha^ 
and  conidia,  which  ai^  somewhat  smaller  than  those  of  other  skin-fungi. 
The  pathological  changes  produced  by  tliis  fungus  are  characterized  by 
the  formation  of  pale  yellow  or  yellowish -brown  to  dark-brown  anil 
brownish-red  spots,  varying  in  size  from  that  of  a  lentil  to  that  of  the 
hand,  sometimes  smooth  and  shining,  at  other  times  dull  and  exfoliating, 
and  of  irregular  shape.  They  may  be  spread  uniformlj^  over  large  areas 
of  skin;  and  are  found  chiefly  upon  the  trunk,  neck,  and  flexor  surfaces 
of  the  extremities,  but  never  upon  the  hands,  feet,  or  face. 

Microsporon  minutissium  is  the  name  given  to  a  thread- fungus, 
which  is  found  in  the  skin  aff*ection  known  as  erythrasma  (von  Baren- 
sprung).  The  disease  is  characterized  by  the  formation,  on  the  inner 
side  of  the  thigh,  of  brown  or  reddish-brown  patches,  which  are  only 
slightly  scaly,  and  may  be  as  large  as  the  palm  of  the  hand.  The  fungus 
is  found  in  the  epidermis,  and  is  smaller  than  that  of  pityriasis. 

The  thread-fungi  occurring  in  the  diseased  areas  of  the  skin  may  be 
cultivated  upon  pro])er  media  (agar-agar,  agar-gylcerin,  gelatin,  pota- 
toes, blood-serum,  etc.),  and  on  such  the  conidia  develop  into  single  and 
branching  threads,  which  become  jointed  (Fig.  522,  a),  and  form 
chains  of  short  cells  (/>).  Club-like  formations  which  frequently  ap- 
pear upon  the  ends  of  the  threads  in  cultures,  are  regarded  by 
Quincke  and  Elsenberg  as  imperfect  sporangia.  The  botanical  posi- 
tion of  these  fungi  is  not  yet  determined;  and  nothing  is  known  with 
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certainty  concerning  theii  distribolion  outside  of  tbe  huiiiaii  and  animal 
body. 

Accordiiig  to  QmrtHf'f  three  forms  of  fung:i  ticenr  in  favus-iimsses,  two  of  these  bein^ 
variAtiei  of  one  specie's  of  fungu.s,  I'Jl^f^nberg  found  only  two.  which  he  reitanis  as  l>eiii)jf 
varieties  of  the  same  species.  Pkk^  Ptuui,  and  /^im\M*heve  finnly  in  the  etiological 
unity  of  fa\Tis. 

SabotAfaud  advances  the  view  that  the  futis^i  cituHin^  trichophytosis  rej>re**ent  very 
difTereoi  species>  i*ll  of  which  belong  to  the  genUu4  Hotn/tif!.  Krtmimf  distinguishes  three 
groups  of  trichophji-on-fungi  according  to  the  different  appearances  of  the  cultures  on 
potato,  and  em  p  ha  sixes,  moreover,  the 
differences  in  their  organs  of  generaliori 
and  fructification.  Rosenbach,  who  has 
studied  the  moukla  occurring  in  deep 
suppufttling  inrtummations  of  the  skin, 
tlitfereiitintea  scvivral  tTichophyton-fungi 
liS  tlie  cause  of  these  affect  ions. 

Acconling  to  SpiHschka.  the  Aficro- 
»poro7t  furjur  may  be  cultivateiJ  from 
tne  sciiles  of  tlie  skin,  and  in  culturt?jt 
can  Ije  verj*  well  ditTerentiated  from  the 
other  pathogenic  thread -fungi.  Through 
the  inoculation  of  the  fungus  a  typical 
mycosis  may  he  produced  in  man. 

From  the  great  number  of  recent 
investigations  by  various  writers  it  is 
impossible  to  deduce  anything  definite 
concerning  the  number  of  kinds  of  favus- 
antf  trichophyton-fun^i.  It  is,  however, 
e%'ideut  from  these  iuvestigations  that 
the  natnrc  of  the  nutrient  metliiLMO  Ls  of 
great  influence  on  the  chtwraeter  of  the 
growth  {Stibnurand,  Waehch),  and  tb? 
difference  in  fi ridings  is  to  be  referred  in 
a  great  measure  to  dilTerenccij  in  the 
nutrient  media  on  which  the  moulds 
were  grown. 

Inoeuiations  with  fungi  grown  in 
cultures,  into  the  skin  of  human  beings, 
rabbits,  inict%  etc.,  which  were  made  by 

Gratiits,  Baer,  Munnirh,  and  others,  gave  partly  negative,  partly  positive  results.  Ac- 
cording ii>  Plant,  the  inoculations  never  give  positive  results  when  spore-formation  has 
already  tiiken  place  in  the  cultures. 

Von  Hfbra  has  deMcrjl>ed  (Wiefter  mrd.  BlMter.  188 1:  '"  Die  krankh.  Verand.  d, 
Haut,"  Braunischweig,  18>tn  as  dermutomt/fosiii  diffusa  flfiortim  a  p>ecvjli  ir  itching  der- 
matosis, which  occurs  on  the  elbow  and  l>cnd  of  the  krlee  and  is  thou :ht  to  be  caused 
by  fungi,  which  are  like*  those  of  pdtjrmm.^  f^rsirohr, 

Act'^^nli  ig  to  the  investigations  by  lVehmfr,i\w  cause  of  the  skin  eruption  known  as 
U>kela*f  which  occurs  in  various  South  8ea  Islands  (Fiji.  Samoa,  and  Solomon)  and  which 
is  characterize  1  by  thi*  f  >rniation  uf  scaly  rings,  is  an  AsfH*rgilius. 

Famis  an  I  hrrp  s  tortmironA  iiccur  als  j  in  domestic  animals,  as  well  an  in  mii^  and 
rats  (cf.  /'Vir /rfir-n;rr  und  Frohmr,  *'  L^^hr,  d.  sprr,  Piilholo^ie  der  Hausthiere  '"). 
Waeiach  imK-ulalCil  hnnian  individuals  with  fftvu"^  fungi»  which  he  lia<l  cultivatcti  from 
mice  affected  with  fj.vus,  and  obtained  typical  favus  scutularb. 

Intravenous  injections  of  favtis-fimgi  into  rabbits  {Bitkovaky)  produoed  in  the 
lungs  of  these  animals  a  form  of  pseudottdM»rculo^is;  and  cellular  nodule^s  are  found  in 
which  fungus  threads  have  develo|.>ed  in  a  mmnier  suggesting  the  lesions  of  actinumy> 
cosis-     After  :i  lime  the  funiri  die. 

tn  Invertebrate  animals  there  not  infreiquently  occur  diseases  produced  by  my- 
cclium-funtji.  Thus  HntrtftiH  liitJiRiam  causes  the  so-called  mnscardine  in  silkworms; 
i^ordtfccpn  mditarts  deslroy't  the  injurious  pine-spider  GrtJitnifHtrkut  ftim:  Tnnrfuum 
m''()aspenwim,  a  black-colored  fungus,  kilh  the  destructive  earth-caterpillar  Agroti'^ 
tegtttim.  Fungi  belonging  to  the  genus  Kmntisa  attack  esi>ecially  tl»e  caterpillars  of  the 
cabbage- butterfly  {EmpuHa  radicauJi),  and  tlie  ht>use-fly  (Empusa  muaeir),  their  mycelia 
growing  all  through  the  cjiterpillar  an<l  finally  killing  it.  Ackifta  iwo(ifrra.  accorling  to 
Harz  {Jahresher.  d.  \t unrhenrr  Thierar2mi,^vhiil*\  lHH'2-83),  grows  through  the  m\is- 
cutiiture  of  crayfish,  and  is  the  cause  of  the  crayfish-pe4*t. 


Hrunrlilnjr  thrcjidti  with  Joiiir  }iiiiits  whloti  (iiive  <lel1- 
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CHAPTER  XII. 

The  Animal  Parasites  and  tlie  Diseases  Produced  by 

Tliem. 

I.  Protozoa. 

§  183.  Of  the  Protozoa  occurring  as  parasites  in  man,  only  a  small 
number  was  known  up  to  a  few  years  ago ;  and  even  the  known  forms 
X>08se8sed  but  slight  significance,  since  there  could  be  ascribed  to  them 

no  marked  influence  upon  the  tissues. 
Through  the  investigations  of  the  last  few 
years,  however,  dififerent  forms  have  been 
recognized  as  the  cause  of  morbid  proc- 
esses; and  it  is  quite  possible  that  there 
are  still  other  protozoa  capable  of  exciting 
pathological  changes  in  the  human  body. 
The  forms  already  recognized  are  repre- 
pio.  sss.-Amcehacoiimitis.  (After     seutatives  of  all  four  classcs  of  protozoa. 

Rom.)    o.  Free  motile  aniGebtr;  w,  en-  ^^^  ,,       r>i.2— ^— ^^-.  i.u  •      ax.      • 

cysted  amcebse.  xfioo.  Of  the  Rhizopoda  there  occur  in  the  in- 

testine three  amoebse,  known  as  the  Amcsba 
eoli  vulgaris  J  the  Amoeba  coli  mitiSy  and  the  Amoeba  dyserUerice.  The 
Amoeba  dysenteria>  is  certainly  distinguishable  from  the  other  two,  while 
the  Amoeba  coli  vulgaris  and  the  Amoeba  coli  mitis  resemble  each  other 
very  closely,  and  may  possibly  be  identical. 

The  Amoeba  coli  vulgaris  is  a  harmless  intestinal  parasite  which  is 
not  infrequently  present  in  the  intestine  (Roos,  Kruse,  Pasquale).  The 
Amoeba  coli  mitis  was  observed  by  Koos  and  Quincke  in  cases  of  chronic 
enteritis  in  patients  who  had  always  lived  in  North  Germany. 

The  Amoeba  coli  mitis  consists,  according  to  Roos,  of  a  protoplasmic 
cell-body,  from  28-30  /xin  diameter  (in  the  spherical  condition).  It  ex- 
hibits slow  movements,  and  very  frequently  encloses  foreign  bodies,  for 
example,  bacteria  and  food-remains  (Fig.  523,  a).  Besides  the  motile 
form,  there  occur,  according  to  Roos,  also  encysted,  spherical  forms 
which  are  surrounded  by  a  double-contoured  membrane,  and  enclose 
clear,  round  vesicles  in  their  interior  (b).  When  fed  to  animals  (cats) 
no  pathogenic  properties  are  disclosed. 

The  Amoeba  dysenterice  (identical  with  the  Amoeba  coli  described  by 
Loesch)  has  a  diameter,  according  to  Roos,  of  from  15-25  //,  but  accord- 
ing to  Kruse  and  Pasquale,  from  10-50//.  In  the  cell  body  there  may 
be  recognized  a  homogeneous  ectophism  and  a  variable  granular  ento- 
plasm,  the  arrangement  of  which  varies  according  to  the  form  of  the 
animal  (Fig.  524,  a).  By  staining,  a  nucleus  may  be  made  visible  within 
the  cell.  The  cells  are  capable  of  active  movement,  and  assume  thereby 
the  most  varied  shax>es  (d).  They  very  often  contain  foreign  bodies, 
particularly  red  blooil-cells  or  remains  of  such  (6),  or  are  studded  with 
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According  to    Boos,  they  may  also   become   en- 
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Fio.  62i.—Am(Bba  dwenterice  five  Amceha  coli  /dig. 
(After  R008.)  a,  AmGehaB  without  inclusions:  b,  amoebe 
containing  blood ;  c,  amoebaB  wltb  large  vacuoles  In  tlieir 
protoplasm ;  d,  young  forms :  cr,  encysted  forms.    X  66&. 


clear  vacuoles  (c). 
cysted  (e). 

According  to  investigations  by  Koch,  K^rtulis,  Kruse,  and  Pasqoale, 
they  are  invariably  present  in  the  dysentery  prevailing  in  Egypt,  and 
are  usually  also  demonstrable 
in  the  dejecta.  They  have 
also  been  observed  in  cases  of 
dysentery  in  Kussia  (Loesch, 
Massiutin),  in  America  (Os- 
ier, Councilman,  Lafleur,  Lutz, 
Dock),  in  Germany  (Roos), 
and  in  Austria  (  Kovacs).  Ac- 
cording to  investigations  by 
Kartulis,  Councilman,  La- 
fleur,  Kovacs,  Koos,  Kruse, 
Pasquale,  and  others,  it  can- 
not be  doubted  that  they  are 
of  some   significance   in   the 

origin  of  certain  forms  of  dysentery.  It  is  only  questionable  whether 
they  alone,  or  only  with  the  aid  of  changes  produced  by  bacteria,  are 
able  to  bring  about  pathological  changes.  In  supjwrt  of  the  latter 
theory  is  the  fact  that,  when  present  in  the  tissues,  they  are  always  ac- 
companied by  bacteria. 

Amoebic  dysentery  is  characterized  by  the  occurrence  of  a  hsemor- 
rhagic  catarrh,  and  by  the  formation  of  circumscribed  ulcers  with  under- 
mined edges.  The  amoebaj  increase  not  only  in  the  intestinal  mucosii, 
but  also  penetrate  into  the  mucosa  and  submucosa,  and  there  form  large 
colonies,  in  the  region  of  which  the  tissue  undergoes  necrosis  without  tlie 
formation  of  any  large  amount  of  exudate.  By  the  rupture  of  the  sub- 
luiU'osal  foci  through  the  niucosii  there  are  formed  ulcers  with  under- 
mined ed^es,  which,  gradually  increasing  in  size,  ma}^  attain  large  di- 
mensions. 

H  ahsrrHses  of  the  liver  arise  during  the  course  of  an  anuebic  dysentery, 
tlies(»  may  also  contain  the  anuebaMn  addition  to  bacteria;  and  it  may 
be  assumed  that  the  fonner  also  take  part  in  the  destruction  of  the  liver 
tissiu\ 

The  amoehiv  0/  (h/senten/  are  pathogenle  for  cats,  and,  when  fed  to  them 
or  when  introduced  into  the  rectum  of  the  animal,  cause  a  nipidh'  pro- 
gressive, often  fatal  dysentery,  which  is  similar  in  all  respects  toama^bic 
dysentery  in  man.  The  annebie  alsi^  penetrate  into  the  mucosa  and  sul>- 
inueosa  of  these  animals. 


Von  Leyden  and  Schaudinn  (*'  Lcydenia  gemmipara,"  Sitzber.  d.  K.  Akad.  d.  Wiss.. 
Berlin.  1X90)  found,  in  the  fluid  of  two  Ciises  of  ascites  occurring  in  malignant  disea^^e  of 
the  abdomen,  an  amipba  which  consisted  of  colorless  gelatinous  cells,  which  put  out 
|)seudopodia.  and  showed  a  hyaline  entoplasm  and  a  granular  ectop)hism.  They  were 
found  chiefly  lyin.u:  together  in  groups. 
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g  184.  A  larjre  number  of  species  of  the  Flas:enates  (sub-cljiss  of  the 
Maatigophora)  occur  in  man,  mammals,  and  birds,   most  fn»(iuently  a-* 


--s*-^ 

^^^^><^ 


Fio.  Sff».  -Cerconumrn*  int€^<ti- 
tuuvt-    (After  Davuine.) 


bui.  r>26. — Trichomonas  hominin, 
after  Grassi  (from  Dofirin  ). 


Fir..     527.     -'Yrichomonas 
vngimilia  (from  Dotlein). 


parasites  of  the  body -passjij;es  accessible  from  without,   but  occurrinj^ 
al.so  in  the  blood. 

Cercomonas,  Dujardin,  a  small  tia^ellate  (Fi^.  525)  with  a  liajjjellum 
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on  the  anterior  eud  and  a  long-drawn-out  posterior  extremity,   wan  ob- 
served by  Kannenberg  and  Streug  in  gangrenous  foci  of  the  lung. 

Trichomonas,  Davaine,  Braun  {Cerconwtias  itite^indlis,  Lambl;  TH- 
chomonm  hdeHtinalis,  Leuckart ;  Monocercanwms  hominis,  Grassi)  is  a  pear- 
shaped  flagellate,  4-10  /jl  long,  with  three  flagelhi 
on  the  anterior  end  (Fig.  526). 

Trichomonas  hominis  occurs  in  the  small  in- 
testine of  man,  and  has  been  observed  particularly 
in  pathological  conditions  of  the  intestinal  tract 
(typhoid  fever,  cholera,  intestinal  catarrh,  cancer 
of  the  stomach).  It  appears  to  be  a  harmless  in- 
habitant of  alkaline  intestinal  contents. 

Trichomonas  vaginalis,  Donn^,  is  a  flagellate 
very  similar  to  the  Trichomonas  hominis  (Fig.  527), 
and  is  often  found  in  the  human  vagina.  Accord- 
ing to  Miura,  Marchand,  and  Dock,  it  may  occur 
in  the  human  urinary  bladder. 

Lamblia     intestinalis    {Megastoma    entericum, 
Grassi;    Megastoma  intesthiaUSy    Blanchard;  Cercth 
monas    intestinalis,    Jjambl ;    ITexamitus    duodenalis, 
Davaine)  is  a  turnip-shaped  animal,  having  an  in- 
dentation on  the  ventral  surface  (Fig.  528,   A,  B). 
It  is  about  10-16  /i  long,  and  is  found  especially  in  the  upper  part  of 
the  small  intestine,  and   has  been  observed  in  man,  mice,  dogs,  catK, 
sheep,  and  rabbits.     The  pai'asite  clings  tightly  to  the  epithelium  of  the 
intestine,  but  no  pathological  changes  can  be  demonstrated  in  the  un- 
derlying tissue. 


Fio.  528. — Lamblia  in- 
testinaiis  (after  Grassi  and 
Schewiakoff).  A,  View 
from  ventral  surface;  B, 
view  from  the  left  aide. 
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g  185.  rn'  tlie  Flagellates  tfiat  ikcot  iis  blood -parasites  of  man  Uie 
form  known  as  Spirocha^te  obermeieri  (tlisfuvt*rrd  by  Ubenneier  io 
1873)  has  bei'ii  knnwn  Un'  stmn*  tinn%  hrit  tonnerly  has  been  (biassed  with 
the  spiral  viirieties  of  bm-ti-ria  (spirilhi).  The  iu\  esti^alionK  of  Hebaii- 
diiin,  however,  niako  it  appear  very  probable  that  the  spiroehi^^tes  are  to 
he  added  to  the  profoz(>a. 

Schawiinn's  coiichisioiis  fin*  nut  uiiivorHuHy  acw[)t<»tb  Accofdiri«  tc»  Noi'y,  SpJ* 
rlllimi  obermeieri  iM^lon^s  to  the  bucteria  iind  not  to  the  protozoa,  and  he  believe*^  that 
ihf  iiiajrirhy,  if  not  all,  of  tlit*  .spiroelui'tes  will  Lk^  returrjE*il  to  their  former  place  among 
the  bacteria,  Sp.  Jidtoni  and  Sp.  gaUitmntm  have  both  l]*»e»  shown  to  be  iion-protozoal 
in  nature. 

The  Spirochiete  obermeieri  {Fip  529)  is  found  cons1<intly  in  the 
IjUkkI  of  patients  siiftVrin|(  frujn  relapslfigr  fever  dnriu^  the  attacks  of 
the  fever,  and  the  ninltipiieatioii  of  thes*:^  orpuiisms  in  the  inidy  is  the 
eaiise  of  Ibe  disease. 

The  spiroebtete  is  t(i-40  /*  loi%%  awd  posseaseB  niunerouK  spiral  XxnntL 
In  a  fresh  drop  of  blooti  it  shows  very  aetive  motion.     CarteTand  Koch 
sueeeeded  in  pi'ddneiiij^  the  disc*ast>  in  apes 
by   inoenlatifin   with   tbe  spirocbiete.       Tlie 
stibcutaiieoits  iiioeidation  into  apes  of  blood 
«totitaitdng  tl>e  spiroehii'te  is  foUowed  after 
several  days  by  an  attack  of  fever,  and  the 
spirocha-te  is  fmind  in  tlie  bk*od  dnrii:^  the 
febrile  staf^e.     The  life  lustory  of  the  Spiro 
ebiete  oberineieri  is  not  kiu*wn,  bnt   it   may 
be  sintilar  to  tliat  of  the  spiroehades  oeenr 
v'xw^   ill    the   blood  of  birds  as  stndied   by 
Hebandinn  (see  below).      According  ti*  the 
autopsy -lindin^s  observed  in  man,  the  spleen 
is  swollen    atid   contains    numerous   ye!b>w 
foci  of  defeneration,  an<l  often  also  atiii'mie  inlarets. 

Aeeordin^j:  to  invest  igations  by  Mkifnridf,  tb*'  bistolofrical  examiTiatinn 
of  the  8pl«ni  shows  *'Xtei»sive  cell  iiecriKsis  nntl  eell  de*^eneratioti  (Fig. 
TKiO,  c),  as  well  as  deposits  uf  tibrin  in  the  veins  of  the  pnlj),  and  prolif- 
erative process<»s  in  the  pnlp-(*ells.  Further,  ntiinennis  large  pidp-eells 
(^/^  enclose  red  atid  while  blood-cells  nr  the  reniainsof  soch.     Finally, 


tnim  tti4«  MoMl  of  an  Imtfrlilual  tit 
wltti  ri'la|>siiYff  fever.  After  »  dr(e<l 
prepitmllon  stained  with  in«»ihy!t.*uc 


->..    ,  ^ 


», 


Fie.  58ft.— Portion  of  ttawie  and  Ijioliaed  c«*lls  fmm  a  «pleiilc  follicle  wltH  partlnl  iipm*ia.  In  ivlnpBln^ 
fBTCT.  cAftrr  KlklfomffJ  (Pouisslum  blchpninntfl  and  aubltinale,  raethyUme-Wiie.)  ci,  Fre«  HpliUUj  *n 
lymphOivk^  with  stilrllla;  r.  nori-nm^leati^J  lvmph<vyi«t;  if.  lanre,  r,  snmU  mrmoouriettf  |rtil»M«Ito|/, 
ptiASocyU38eDc lotting kiiroijrti'iiiiiiAJ  nil  bkxMl'<Tlls  and  ihelr riMimitis ;  tf»  IrLH?  n^  blwKl-<-H*lls.    ;-;  liUoutiMi. 
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numerous  spirilla  are  found,  especially  in  regions  which  are  not  wholly 
necrosed  but  contain  degenerated  and  necrotic  cells,  in  part  free  (a),  and 
in  part  enclosed  in  leucocytes  (6),  partly  well-preserved,  and  partly  be- 
ginning to  show  disintegration. 

According  to  Karlinski  and  Schaudinn,  the  infection  is  probably 
transmitted  by  bed-bugs. 

Spirochaetes  have  l)een  observed  also  in  birds,  owls  (Schaudinn),  geese 
(Sacharoff,  Gabritschewsky),  and  fowls  (Marchaux,  Salimbeni,  Levaditi), 
and  may  cause  epidemics  in  which  great  numbers  of  animals  i)erish. 

The  llffe-history  off  the  Spirochetes  classed  with  the  bacteria  was  not  known 
until  recently.  Through  the  investigations  of  Laveran  and  Schaudinn  it  was  for  the  tlrst 
time  determined  that  m  their  life-cycle  there  occurs  an  alternation  of  generation  ami  oj 
host.  Schaudinn  carried  out  his  studies  on  the  spinKihaetes  found  m  the  small  owl 
{Athene  nociua),  which  he  named  Spirochceta  ziemanm  (called  by  Laveran  the  Hcemamcpba 
ziemanni).  As  a  result  of  his  investigations  he  believed  that  he  had  demonstrated  the 
transmission  of  this  spirochete  from  the  owl  into  the  mosquito,  Culex  pipienn,  in  the 
intestine  of  which  it  passed  certain  stages  of  development,  as  described  in  the  following 
paragraphs. 

Within  the  owl  there  develop  male  and  female  individuals,  the  microgametocytes 
and  the  macrogametes.  Copulation  takes  place  in  the  intestine  of  the  mosquito.  From 
the  fertilized  macrogamete  there  develops  an  ookinete  which  produces  in  the  intestine 
of  the  mosquito  an  enormous  number  of  trypanosome-like  offspring.  These  become 
transformed  into  true  spirochsetes,  spread  throughout  the  body  of  the  mosquito,  increase 
by  longitudinal  division,  and  wander  into  the  crsophagus,  whence,  in  the  act  of  biting, 
they  again  pass  into  the  blood  of  the  owl.  After  an  asexual  period  of  multiplication  in 
the  form  of  spirochietes  they  again  form  gametes  or  sexual  individuals  in  the  blood  of 
the  owl.  As  the  result  of  their  distribution  throughout  the  body  of  the  mosquito  the 
spirochfft^s  may  pass  into  the  ovaries  of  the  latter  and  thereby  "be  transmitted  to  the 
next  generation . 

The  fertilization  in  the  intestine  of  the  mosquito  follows  a  ripening  of  the  macro- 
gametes  (female  cells)  and  the  formation  of  microgametes  (spermatozoa)  from  the 
microgametocytes.  The  ookinete  resulting  from  the  fertilization  of  a  macrogamete  Ls 
a  wonn-like  body  rolled  up  into  a  complicated  skein.     Through  the  grouping  of  the 

f)rotopla.smic  masses  around  the  individual  nuc!<?i  there  are  formed  small  t ry panose )ine- 
ike  individuals  hiiviiig  a  characteristic  flagellum-apparatiis.  Further,  there  may  l>e 
develoi)e(l  both  male  and  female  individuals.  The  female  forms  are  larger  than  the 
indifferent  forms,  their  plasma  is  dark,  the  nucleus  and  blephiiroplast  relatively  small, 
and  the  marpjin  of  the  undulating  membrane  is  not  continued  to  form  a  flagellum.  The 
males  are  very  small  and  scarcely  recoj^nizable. 

Through  continued  division  the  indifferent  spirochaetes  in  the  intestine  of  the 
mosquito  also  Ix'come  very  small,  so  that  single  individuals  can  barely  he  made  out. 

Within  the  blood  of  the  owl  the  spirocluptes  become  parasites  of  the  ha^motriohin- 
containin^  erythrohlasts,  in  that  they  attach  themselves  to  these  by  their  pasterior 
extremities.  This  is  seen  particularly  m  the  bone-marrow  and  also  in  the  spleen.  After 
a  certain  time  they  forni  in  the  blood  macrogametes  and  microgametes.  which,  on  gaining: 
entrance  into  the  nios<juito,  again  form  new  generations  in  the  manner  de8cril)e<l.  The 
macrogametes  can  also  produce  new  generations  in  the  blood  without  fertilization  (par- 
thenogenesis) and  thereby  cause  relapses. 

The  above-given  life-cycle  of  the  spirochaetes  according  to  Schaudinn  falls  to  the 
ground  in  the  light  of  Xovy's  studies.  The  latter  has  shown  that  the  Spirochcete  ziemanni 
is  not  a  spirochiPte,  but  a  trypanosome,  and  hiis  no  connection  witn  the  intracellular 

Earasites  of  the  owl's  blood.  Further,  Xovy  regards  Sp.  obermeicri  as  belonging  to  the 
acteria,  basing  his  view  upon  his  inability  to  demonstrate  in  the  organi.sm  a  nucleus, 
blepliaroplast,  undulating  membrane, or  flagellum  of  the  protozoan  type.  On  the  other 
hand  the  spirilla  of  relapsing  fever  possess  whips  having  all  the  characteristics  of  those 
of  bacteria,  divide  transversely,  multiply  rapidly,  resist  changes  in  osmotic  tension, 
show  a  greater  resistance  to  heat  thiin  do  the  trypanosomes.  excite  the  production  of 
immune  and  germicidal  boflies,  and  <lo  not  exhibit  the  aerotropism  shown  by  trypan- 
osomes. 

In  rclapsinq  fercr  irr  hare  most  probably  to  deal  with  a  groun  of  closely  related  organ- 
isms (Xory),  which,  while  they  may  in  one  sense  be  regarded  as  distinct  species,  are 
derived  from  one  stom.  Five  distinct  strains  of  spirilla  causing  relapsing  fever  have 
l)een  <liscovered :  Sf}ir.  obermeieri.  Spir.  novyi,  Spir.  kochi.  Spir.  duttoni,  and  Spir.  carteri. 
Those  fliffer  from  eacli  other  in  the  duration  and  severity  of  the  initial  attack,  the  fre- 
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ouency  and  intensity  of  relapses,  and  in  the  mortality  following  an  iniection  of  a  uniform 
dose  of  0.25  c.c.  of  spirillar  olood.  The  relapse  is  probably  due  to  the  survival  of  a  few 
individuals  that  are  more  or  less  immune,  so  that  a  serum-fast  strain  develops.  This  in 
turn  calls  out  a  new  antibody.  If  this  is  less  active  or  more  unstable,  or  more  readily 
eliminated,  the  relapses  will  continue. 

If  Schaudinn*8  views  on  the  protozoan  nature  of  the  organism  found  in  syphilis 
(Spir.  palliday  Treponema  pallidum)  are  correct,  that  organism  should  then  be  cla.sse<l 
here  with  the  protozoa.  At  the  present  time  this  question  cannot  be  regarded  as  settletl, 
but  it  is  most  probable  that  the  organism  is  of  bacterial  nature  and  should  be  classed, 
along  with  the  spirochsetes  of  relapsmg  fever,  with  the  spiral  forms  of  bacteria  (spirilla), 
(See  Syphilis.) 
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§  186.  The  genus  Trypanosoma  forms  a  second  chuss  of  blood-para- 
sites belonging  to  the  Flag^ellata,  found  in  man,  mammals,  and  birds, 
and  also  in  cold-blooded  animals.  Most  authors  place  all  the  parasites 
of  this  class  in  the  genus  trypanosoma  and  distinguish  different  si>ecies. 
Dofleiu  divides  them  according  to  the  character  of  the  flagella  into  three 
sub-genera :  Trj/panosonmj  Trypanomonas,  and  Herpetosonm.  Von  Wjisie- 
lewski  classes  only  the  blood -parasites  of  the  frogs  and  fish  with  the  try- 
panosomes,  and  would  apply  the  name  Herpetomonan,  given  by  Kent, 
to  the  trypanosomes  found  in  mammals. 

Trypanosoma  lewisi,  Kent  (Herpetomonm,  TnfpanomonaH,  Tnchomo- 
iwSy  Hcemaiomonas)  is  a  very  common  parasite  of  rats.  It  is  8-.30  /*  long 
and  3-8  p.  broad  (Fig.  531),  consists  of  a  nucleated  granular  entophism 
and  a  delicate  hyaline  ectoplasm  or  i)erii)lastem,  the  latter  forming  an 
undulating  membrane  (Fig.  532,  r)  and  a  flagellum  {d)  which  arises  in 
the  beak-like  posterior  end  from  a  rod-like  body  and  extends  anteriorly 
along  the  edge  of  the  undulating  membrane. 

The  rod-shaped  body  (h)  is  designated  micronudeus  (Bradford  and 
Plimmer),  or  nucleolus  (Rabinowitsch  and  Kempner),  or  centrosome 
(Lavcran  and  Mesnil),  or  blepharoplast  (Von  Wa^sielewski,  Senn,  Schau- 
dinn). It  has  the  significance  of  a  nucleus  and  arises  from  the  chief 
nucleus  (Schaudinn). 


(^m 


THE   ANIMAL    PARASITES. 


The  trypa!io.Hf>me  iiifertiori  occurs  exteiisivc^ly  among  the  rats  of  many 
regions.  In  otlu^r  Biiiiniils  thes*^  trypanosoines  do  not  appear  to  develop. 
Tlie  infected  rats  are  appareutly  healthy,  yet  epidemics  ot^cur  in  which 


Fia.  531. — Tryptitiiuomn  (hrrpfiosomQ)  Iffinsi  in  the  hlwid  of   th«*  nit.     (From   Dofli'iti   &fUr 
Rabinowitsoli  ami  Kf  mjmer.  1     AY,  KryihrocyU*s. 

jjreat  numl>ers  of  xht'iu  die.  Intraperitoneal  inoculations  of  rats  are 
followed  by  a  ninlti]»lication  of  the  try[)anosonies,  partly  iu  the  aMom- 
inal  cavity  and  partly  in  the  lilood.  Acco nl in jLi;  t(>  Habinowitsch  ami 
Kempoer  reproduetiun  takes  place  partly  by  loiigittnlinal  and  transversi' 
division  of  tiaK*'H:ifed  iinlividuals,  and  partly  through  the  segmentation 
of  large  nontlagellated  forms  in  which  Ihe  cell-division  is  initiated  by 
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Fi«.  f>^,-TtttiMiniVoma   {hfrjiftomonaft^  UnvLsl,  In  clllleivnt  nUi^re;* iif  ilinelopmcnt     (After  A,  vn 
WasiiflrwstL >     .4,  Fiilljr  drvt- lipptMl  iianisitJ^  with    iint'leua  ttiK   nnJ^sna(fnl   tntiiy  (hh   unilulatliur  mea 
bmn«  (ci,  ami  tlti^^i^nuiii  (^r) ;  IU  imiiislh^  wfili  Lu'o  iinrlfl  HniJ  on^*  nMi-sliftpt**i  bmiy ;  (',  piini9itU«  wiUi  otMll 
lUK-leuM  luiii  twit  nHJ-Nhii^M^i  twHlIt^  ;  f>.  rlivl)ili>n  InUi'  two  imnuiht^;  ^J«  piiniflilt*  wUU  ft »ur  nuclei  and  four 
rtairt'tlu ;  J'V  fliiutfliti^r-iiidlvUlmili^  f*tlJI  united  int«j  aroktoy.      *  \Ji&.K 

a  division  of  the  nucleus  by  theui  designated  as  the  chromatin  framework, 

while  new  nneleoli  are  snared  off  from  the  clinnnatin  mass.  Aeeording 
to  von  Wasicl<*wski  tlic  rhief  niiclens  (li)  sometintes  lirst  divides^  lU. 
another  time  the  md  sluqied  rcmi  tit  llie  liagellnm  or  the  blepharnpla 
(O:  ami  the  (vlls  smnclinics  divid**  witii  Xwt*  nuclei  (/I)*  and  someti 
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after  the  IVM'matioii  of  several  imelei  and  ficigell vim  roots  (A\  F),  so  thai 
the  resiiltiug  dividing  tlui;;el lutes  reiiiiiiii  for  >4onie  time  uuited  into  eolo- 
iiie.s.  The  nariiral  iiifeeMon  of  nits  occurs  probably  through  the  niediiun 
of  fleas  and  He*^ 

Trypanosoma  brucei,  riimiuer  and  BradfojHi,  is  very  similar  to  Tr, 
(eidid,  mily  the  IxHly  is  j^oiiiewhat  broader  and  the  y>osterior  end  Komewhal 
blunter.  It  is  the  eause  <if  Nagana  or  th*^  tsetse-fly  disease  of  rattle, 
hoi'ses,  anteh)pes,  biitfalo,  donkeys,  dogs,  slieeji.  and  goals  oceurring  in 
Southern  and  Houlheaslern  Afriea,  whieh  is  transmitted  through  the 
tsf'fiff'Jfi/  ((iiim.ii}ut  mw^sitfut^i).  The  nnii'ber  of  parasites  iu  the  bknicl  may 
Ih?  very  great ;  the  infeeted  animals  sutler  frcun  fever  and  ixx'ome  anjemic ; 
oedema  develops  in  different  parts  of  Iheir  IxHlies;  further,  there  is  also 
a  eonjunetivitis  and  the  spleen  is  greatly  swollen.  The  ]»eriod  of  ineu- 
batiou  is  nivt-  moi-e  than  uin**  days.  The  iuft*eted  auintals  die  after  one 
and  OTie-half  to  eight  nn:>nths. 

It  is  also  probable  that  the  disease  known  as  Surra,  oceurring  eudemi- 
*'ally  in  horses,  mnh\s  eaniels,  buft'alo,  eatlle.  and  elephants  in  Dutch 
India,  Indoehina,  and  the  IHulippines,  and  whieh  is  liansmittrd  by  gad- 
Hies,  is  due  to  this  trypanosome.  It  is  likewise  regarded  as  the  eanse  of 
the  trypanosome  4lisea.s(;^  of  horses  and  donkeys  kntwn  as  the  eoitus  dis- 
i^aseor  dourine  fjceurringin  Algiers,  Southern  Pninre,  Sumatra,  Novarra, 
and  the  Pyrenees,  and  wiiich  is  spread  by  eoitus,  and  is  iut^culable  into 
rabbits,  rats,  and  d(>gs.  Many  authors  regard  the  parsisites  fraiud  in 
these  disetises  as  representing  different  speeies,  giving  to  the  first  the 
name  of  Trifpatimoma  innim  tind  to  the  latter  that  of  Tr.  fqitipirflttm,  A 
variety  ot  trypanosome  found  in  Onti'al  South  Amerieaand  which  ranses 
the  distrust'!  of  horses  km>wn  as  mal  th:  radtfvji  is  designated  Tr.  rqulniim. 
It  is  assuun*d  that  Stomoxys  imlcitrftm  acts  as  the  agent  of  ti'ausmission  of 
iiie  parasite. 

A  variety  of  trypanosrnne  known  as  IV.  ihnleti  m  found  in  eat  tie  in 
Sijutli  Africa  ami  is  inoeulable  only  into  this  aninuil. 

The  occur  re  nee  of  trypanosomes  in  man  was  tirst  observed  by  I^ep- 
veii  (1898).  The  investigations  of  recent  years  (Dntton,  T^idd,  IJoyce, 
Rosa,  SherringtiMi,  Bruce,  Castellani,  Mans<ni,  Daniels,  La\eran.  ete.) 
have  shown  that  try  pan  osfune  dis*^ast*s  ocenr  also  in  man*  The  sleeping- 
sickness  of  the  negro  is  now  known  to  be  due  to  a  trypanosome  infection. 
Castellani  ftnuid  the  parasite  in  the  eerebrospinat  tiuid  of  eases  of  sieep- 
ing-siekness,  and  his  findings  have  since  been  eonfirnjed  l>y  different 
obs<.^rvers.  The  disease  occurs  throughout  tropical  West  Afriea,  and  in 
i-ecejit  years  has  spread  throughout  tVntral  and  Eastern  Africa.  Negroes 
are  chietly  affected,  but  eases  have  also  been  ol)served  in  Enrofieans. 
The  infectioti  is  transmitted  by  a  biting-Jly  (OloHshia  pfffpalLs).  The  para- 
sites deveh>p  Jirst  iJi  the  Idood,  and  daring  this  peritMl  syn*ptonjs  may  l>e 
entirely  wanting,  or  there  may  lie  attacks  of  fever.  When  tlie  jjaiasites 
\inm  access  tu  the  cerel)rospinal  tlnid  and  there  increase,  cerebr«d  symp- 
toms, parlicnh*rly  cotjui,  are  prfuhicrd  as  the  lesult  lA'  a  meningitis. 
The  dis(>ase  runs  a  chrotiie  course  and  is  invariably  fatal. 

Trypanosomes  are  found  also  in  the  distnise  known  as  Oamba- lever 
whieh  oeenrs  in  Seneganibia  ami  the  Congo,  both  in  the  nali\es  and 
Europeans.  According  to  Laveran.  it  is  due  to  the  same  s]>(H'ies  of  try- 
pa.nosomes  observed  by  rastellani  in  Uganda.  Further,  try]>anosomes 
are  believed  to  be  the  cans**  of  the  chronic  dist*;isi^  known  as  tropica! 
5p]enanies:aly,  whieh  occurs  in  India,  China,  Arabia,  Egypt,  and  Tnnis, 
and  is  characterized  liv  intermittent  or  remittent  attm-ks  of  fever  asso<;i- 


698  THE   ANIMAL.   PARASITES. 

ated  with  a  marked  swelling  of  the  spleen,  leading  after  many  months' 
duration  to  a  progressive  ansemia  and  cachexia  having  a  fatal  termina- 
tion, and  therefore  distinguished  from  the  ordinary  malarial  fevers  by 
the  designation  of  awhectic  fever.  It  is  very  probable  that  the  disease 
known  as  Kdla-azdr  (black  fever),  which  is  widely  distributed  through 
the  valley  of  Assam  watered  by  the  Brahmaputra,  and  is  often  character- 
ized by  dark  discoloration  of  the  skin,  is  related  to  tropical  splenomegaly. 

The  life-history  off  the  trypanosomes  Ls  similar  to  that  of  the  ppirochaetes. 
According  to  investigations  by  Schaudinn  the  Halteridia  (Ilamoprotetts  noctuae  of  CeUi 
and  San  Felice)  of  the  little  owl  are  the  sexiial  stages  of  a  trypanosome  which  multiplies 
in  the  common  mosquito,  Culex  pipienSj  so  that  after  a  complicated  wandering  through 
the  body  of  the  mosquito,  through  its  bite  again  reaches  the  blood  of  the  owl,  in  which 
after  a  period  of  asexual  increase  it  changes  into  the  familiar  male  and  female  Halteridia. 
The  parasite  must,  therefore,  be  called  the  Trypanosoma  noctuce.  (Whether  other 
members  of  the  genus  Halteridium  or  Hsemoproteus  are  to  be  classed  with  the  trypano- 
somes  remains  to  be  settled.)  According  to  Novy  (Jour,  of  Infect.  Dis.,  1905)  the 
observations  of  Schaudinn  are  open  to  an  entirely  different  interpretation.  He  believes 
that  the  Trypanosoma  noctucB  and  the  Spirochceta  ziemanni  of  Schaudinn  probably 
represent  trypanosomes  that  have  multiplied  in  the  mos<^uito  and  are  not  to  be  con- 
sidered as  stages  in  the  life-history  of  cytozoa.  According  to  Novy*s  investigations 
trypanosome  infection  of  birds  is  very  widespread.  With  the  trypanosomes  there  may 
be  associated  intracellular  parasites,  but  no  constancy  can  be  shown  to  exist  between 
a  given  trypanosome  and  a  given  cjrtozodn.  The  life-cycle  of  the  trypanosomes  ancl 
halteridia  according  to  Schaudinn,  as  given  in  the  following  paragraphis,  cannot,  there- 
fore, be  accepted  without  question  in  the  light  of  Novy^s  work. 

If  the  male  and  female  halteridia-stages  enter  with  the  blood  of  the  owl  into  the 
intestine  of  the  mosquito,  the  first  forms  the  microgametocytes  and  micrpgametes,  each 
of  which  penetrates  into  one  of  the  pigment-containing  macrogametes.  As  the  result 
of  this  fertilization  the  latter  become  cnanged  into  ookinetes.  Through  a  complicated 
metamorphosis  proceeding  from  the  nucleus  the  ookinete  can  become  transformed  into 
an  indifferent  trypanosome.  The  karysome  passing  out  from  the  nucleus,  and  w^hich 
has  the  significance  of  a  nucleus,  moves  to  the  right  lateral  border  of  the  ookinete  and 
forms  there  the  blepharoplast  of  the  trypanasome,  that  is,  the  structure  which  forms 
the  undulating  membrane  and  the  flagella.  The  trj'panosome  thus  formed  can  increase 
by  longitudinal  division. 

The  ookinetes  can  also  form  female  try})anosonies  which  are  plumper  and  show  a 
more  marked  granulation  thiin  the  non-sexual  forms.  The  female  trypanosomes  repre- 
sent f)onnanent  forms,  and  can  produce  new  generations  in  the  mosquito  through  par- 
thono^jenosis.  Finally,  the  ookinete  can  also  l)e  transformed  into  a  male  trypanosome 
which  is  smaller  and  clearer  than  the  female.  Through  heterotopous  mitosis  there  may 
be  formed  in  l)oth  the  female  and  male  trypanosome  a  small  nucleus  near  the  large  one, 
and  this  may  increase  until  as  many  as  eiglit  are  formed.  While  in  the  female  these 
are  destroyed  and  only  the  chief  nucleus  is  preserved,  each  of  the  eight  nuclei  develops 
in  the  male  into  a  blopharoplast  from  which  a  minute  male  trj'panosome  arises. 

The  development  of  the  microgametes  in  the  l)loo<l  of  the  owl  takers  place  in  the 
same  manner  as  the  formation  of  the  male  trj^panosomes  in  the  intestine  of  the  mosquito, 
and  they  have  the  same  structure  as  the  latter.  The  indifferent  trjT^anosomes  passing 
from  the  mosf|uito  into  the  l)loo<l  of  the  owl  are  usually  very  small.  They  fasten  them- 
selves by  tlieir  flagellated  anterior  end  to  the  red  blood-corpuscles;  the  flagellum  ap- 
Caratus  then  degenerates  and  the  })arasite  takes  on  the  appearance  of  a  sickle-shaped, 
ean-  or  worm-shapvd  halteridium.  When  it  has  about  doubled  its  size,  it  leaves  its 
host  and  attain  develoi)8  a  flagellum-Lippiratus,  becoming  clmnged  again  into  a  tr\'pano- 
some.  This  is  repeated  several  times  until  a  certain  size  is  attained;  there  then  follows 
a  multiplication  through  longitudinal  division,  the  products  of  the  division  again  seeking 
red  blood-cells. 

The  fully  formed  female  trypanosomes,  the  macrogametes  in  the  owl's  blood,  are 
shaped  like  little  worms;  they  penetrate  the  red  blood-cells  and  deprive  them  of  their 
hiemoglohin.  Tliey  represent  permanent  fornix  and  after  a  long  interval  can  protiuce 
nctr  yencrations  />//  means  of  parthcjwfjpTwsis.  The  male  microgametocyles  arise  in  the 
l)lo(j<l  from  indilTerent  forms  and  produce  eiglit  microgametes  as  in  the  intestine  of  the 
mos([uito.  The  ripenini;  of  the  macrogametes  and  their  fertilization  by  microgametes 
take  place  in  the  intestinal  tract  of  the  inos(juito. 

It  has  not  been  po-ilivoly  decii'e  1  at  the  present  whether  human  trypanosomiasis 
is  due  to  more  than  one  variety  of  trypanosome.     The  different  clinical  course  of  the 
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affections  makes  this  probable.  In  the  forms  known  as  tropical  splenomegaly  or  cachectic 
J'ever  and  kaltp-azdr  there  are  found  {Ldshmariy  Marchand)  in  the  spleen,  liver,  bone- 
marrow,  lymph-nodes,  and  also  in  intestinal  ulcers  great  numbers  of  small  bodies,  partly 
free  and  partly  intracellular,  consisting  of  an  intensely  staining  ring-shaped  chromatin 
body  surrounded  by  a  circular  or  oval,  clear  area  staming  lightly  with  eosin.  Besides 
the  chromatin-body  there  is  often  found  also  {Marchand,  Ledingham)  a  small,  intensely 
staining  round  or  elongated  granule,  which  is  often  connected  with  the  chromatin-ring 
by  a  delicate  stalk.  These  bodies  ("  Leishman-Donovan  bodies  ")  were  first  founrl  by 
Leishman  and  Donovan  in  smears  made  from  the  spleen,  and  were  later  studied  by 
Marchand,  Ledingham,  Manson  and  Low,  Bentley,  Rogers,  and  others,  and  were  given 
different  interpretations,  the  general  opinion  being  that  they  represented  degeneration 
forms  of  trypanasomes.  Rogers  has  succeeded  in  growing  them  outside  of  the  body 
and  in  demonstrating  their  transformation  into  elongated  flagellated  organisms  resem- 
bling trypanosomes.  On  account  of  the  absence  of  an  undulating  membrane  Rogers 
believes  the  organism  to  be  a  herpetomonas.  Ross  regards  it  as  a  new  genus  and  has 
called  it  Leishmani  donovani.  Nothing  is  yet  absolutely  determined  concerning  the 
transmission  of  this  fatal  infection.  Rogers  believes  that  it  is  transmitted  by  bed-hugs 
or  mos(][uitoes.  Very  recently  NicoUe  (Arch,  de  I* Inst.  Pasteur,  Tunis,  1908)  has  suc- 
ceeded m  cultivating  the  I^eishman-Donovan  bodies  from  cases  of  infantile  splenomegaly 
in  Tunis.  He  regards  the  protozodn  obtained  as  a  new  species,  Leishmania  infantum. 
The  protozoa  found  in  a  case  of  tropical  sore  by  Wright  (Jour,  of  Med.  R^.,  1903)  and 
called  by  him  Helcosoma  tropicum,  are  regarded  as  Leishman-Donovan  bodies,  and 
designated  by  Nicolle  as  Leishmania  wrighti.  They  are  to  be  regarded  as  the  infective 
a.«;ent  of  "Delhi  boil.*' 

According  to  the  majority  of  writers  trypanosome  or  Gambian  fever  is  but  the  early 
stage  of  sleeping-sickness,  both  conditions  being  due  to  infection  with  the  same  parasite, 
the  TryiHinosoma  gambiense.  The  first  stage  is  of  a  variable  duration,  lasting  from 
three  months  to  three  years  or  longer.  During  this  stage  there  is  a  polyadenitis  and  the 
trypanosomes  may  be  demonstrated  in  the  blood  and  lymph-nodes.  As  a  diagnostic 
method  the  examination  of  a  drop  of  fiuid  removed  from  an  enlarged  cervical  gland  by 
means  of  a  hypodermic  needle  is  advised,  since  the  parasites  can  be  found  in  this  way 
immediately  it  they  are  present  in  the  body. 

According  to  the  views  of  many  authors  it  is  probable  that  yellow  fever  is  a 
protozoan  disease,  although  the  parasite  has  not  yet  been  demonstrated.  Schaudinn 
showed  that  trypanosomes  in  certain  stages  formed  such  small  individuals  that  they 
could  not  be  recojjnized  singly  under  the  microscope.  He  would  seek,  therefore,  the 
yellow-fever  parasite  among  the  flagellates.  Yellow  fever  is  endemic  in  the  Antilles, 
Southern  States  of  North  America,  Brazil,  east  coast  of  South  America,  and  in  many 
parts  of  West  Africa.  As  the  result  of  the  work  of  a  United  States  Commission  consist- 
ing of  Reed.  Carroll,  Agramonte,  and  Lazear,  it  was  determined  in  1900  that  yellow  fever 
is  transmitted  only  through  the  bite  of  a  mosnuito  {Stegomyin  fasciata).  Subcutaneous 
inoculation  of  the  blood-serum  of  a  case  of  yellow-fever  into  a  non-immune  during  the 
first  three  days  of  the  disease  will  transmit  the  infection.  The  mosquito,  therefore, 
to  become  infected  must  suck  the  blood  of  a  patient  during  this  time.  The  bite  of  the 
mosquito  does  not  l)ecome  dangerous  imtil  twelve  days  after  taking  up  infected  blood, 
so  that  it  is  apparent  that  the  parasite  must  undergo  a  further  development  within 
the  body  of  the  mosauito.  The  latter  is  able  to  infect  after  this  period  as  long  as  it  lives. 
Xoi*y  believes  that  the  cause  of  yellow  fever  will  be  found  to  be  a  spirillum. 

The  first  successful  cultivation  of  a  pathogenic  protozoon  and  the  demonstration 
of  its  relation  to  the  disease  by  the  injection  of  pure  cultures  were  attaint  by  \ovy 
and  McNeal  in  the  case  of  Trypanosoma  lewisi  and  later  of  Tr.  brucd. 
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Wittich:  SpirilloTi  ini  Bluk-  vim    HnusHeroii.     Ceiitralbl.    f.    die    uwiL  WiBseniclmft,, 
18UL 

§  187,  Of  tlif  Sporozoa  oeciiiTiug  as  paniisites  in  inuii  and  in  the 
inamirials,  the  coccidia  art^  to  be  iiieiitiyiird  Mr.st.  In  their  yi>utj|4  state 
they  exist  as  oon-eneapsidated  iiihabitaiits  of  epillielial  eells,  partieidarly 
in  those  of  the  intestinal  eatiid  and  its  adnexa,  the  liver  especially,  and 


Mi^j 


V 


?? 


?IO.  68S.-4il(Ctl(m  thrauffli  the  wall  of  u  tHlated  blk'KJurt  Bllpd  with  oocvlflln  itnd  lined  with  papillary 
pmllferationft,  Fititn  a  rablitt's  liver  thut  wtts  studded  with  cociridln  m>iJiJh^  (MdlltrV  fluid,  birmutoxylln, 
**os1nK  (1,  <'Miin«cttvt*  llssiie;  h,  bninihliig  puplllury  pTOllfHratkms  i^tvenHl  wiUi  i^iilUi^tiunii ;  <M"iH.vidlH. 
y  28. 


more  nirely  in  those  (»f  the  organs  *>f  exeretion,  Stnne  td"  the  mature 
forms  surround  tlieniscd\es  with  a  eapsuU*  and  beeome  ehaii|:;ed  into 
rounder  ox'AlpernutneHt  c  if  at  a  or  ^t^/a^^  (fteliaadinn),  whieh  leaive  their 
restuj^-plaee  and  usually  also  their  host,  and  under  eeriain  conditions 
f(>rm  si(*kle-shap(*d  jiporoziriUii  ttiroui^di  the  rept^ated  division  of  their 
eell  body  (.^ptirofjimif).  Through  the  taking- up  oi'  sporozoite'eontaining 
oocysts  into  a  new  host  there  is  produced  an  infeelion  of  the  latter,  in 
that  the  s|)orozcutes  are  set  free  and  se€*k  ont  epithelial  eel  Is  fta*  their 
further  dcv€Oopment. 

l^sides  this  f<irm  of  multiplication  there  oecum  u  ithin  the  infeeled 
organ  also  a  repnMlnetion  by  m^kizor^fmy—thnt  is.  tlu^re  are  developed 
from  mature  Imt  non-encysted  individuals,  by  means  of  segment  at  ioii, 

a  large  ninulH^r  t^f  new  sickle-shaped  individ- 
uals, the  s(^-ealled  mfrfKaiffM^  which  seek  out 
epithelial  cells,  and  devt^Iop  furl  her  in  thi* 
siime. 

Coccidiumoviforme  (l^ig.  TkU)  is  a  para- 
site of  the  intestine  and  biliary  passages, 
occurring  espeeially  in  rabbits.  Kiinstlei' 
and  Pities  found  similar  cticcidia  in  man  in 
a  pleuritic  exudate.  Ptidwvssozki  claims  In 
have  ctbst^rved  them  in  tl*e  human  liver- 

In  the  liver  of  rabbits  the  invasion  i»f 
coecitlia  leads  to  the  format  ic»tt  of  whiti- 
uodides  whit^h  nray  reach  the  size  of  a  hazel 
uut,  and  aiv  designated  as  rovniVtaniHJxden, 
These  nodules  contain  a  s(»fl,  white,  i\r  yel- 
lowish white  iiijuss,  and  consist  esst*ntially  of 


Fli*.  na*.— Cooc»did  from  thB  blltanr 
duct  of  th«»  nshhiiv  liver  niif^.tm), 
Mbottinj?  dlllereDt  stiipw  ^r  ileveinp- 
njfiil  (JdOiter^H  lliiW*  hti'iniitJ»xyltni. 
*l»  K  small,  roar»iL'ly  f*iaiiti[ar  yuutifjr 
forms  J  f,  j/Jarsje  forius  with  dtirhiy 
Htalniniir  tHTJphenil  pranuli'st:  t.f.Q. 
h,  oval,  em  apsiilal'ed  f<>nni*,  tlw?  pn*- 
ttrpta^m  (if  whiriv  ftarllv  ciittrHely 
granular  und  partiv  iln**  (MLs  up  oniv 
a  \nm.UiU  <»f  tho  raiisuk*.     ■  +iw. 
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dilated  bile -passages,  the  iuuer  surface  of  whiuh  is  more  or  l^ess  riclily 
furuii^Jied  willi  pupillary  growths  (Fig.  r>.13),  and  whose  lumen  coutaiiis 
great  ii limbers  of  eoecidia. 

The  eoeeitlia  iK-eur  in  the  bile-passiiges  partly  in  the  forni  of  tion-eneap- 
sntated  proty|ila8inii'  struct ni-es,  and  partly  in  the  form  of  eneivpsuhited 
bodies.  The  smallest  eoeeidia,  \vhiL*b  are  regarded  ils  the  younger  fi>rms, 
exhibit  a  eoarsely  gmnnhir  luotophLsmie  struetvire  (Fig,  .'>:i*,  a,  b), 
within  whk'h  a  nneleus  (a)  may  oceasiojialiy  Lw  demonstrated.  The 
larger  forms  exliil)it  on  their  oiUer  sarlaees  i-egnlarly  arranged  gi*»nulos 
(  r,  d),  w  li  i  i  -h  stain  i  at  e  use  1  y  with  b  a*  i  n  at  o  x  y  1  i  n .  T 1 1  e  e  in  -a  psn  1  ated  f onus 
oeeur  as  o\ab  doubly  eiMitoured,  clear  bodies  (/,/,  ff,  h)  within  which 
lies  a  \ariotisIy  shaped  mass  exhibiting  alsi>  various  forms  of  grannlatioii, 
bnt  never  entirely  Hlling  np  the  spaee  within  the  capsule. 

To  the  eoecidia  In^long  firtjbidjly  also  tlnts*^  parasites  which  occur  in 
the  epidermis  ol  man  audlHrm  there  |>t^enliar  growths  known  i:Ls  epithe- 
lioma contagiosum  (Fig.  r).';,j).  \n  its  fnlly  developed  condition  lUe 
growth  eousists  of  a  >;mall  nodule,  about  the  size  of  a  pea  or  larger, 
which  is  elevated  above  the  surfaee  of  the  skin,  shows  a  small  groove  in 
ita  centre,  and  possesses  a  waxy  lustre. 

Ou  section  there  may  be  seen  a  Jobulated  epitheliid  growth  (Fig,  535, 
il),  with  a  central  cavity  opening  externally  (//),  thns  forming  a  growth 
resemliiinga  ghuul ;  and  it  hiis  been  many  times  mistaken  for  a  hyper- 
trophie  sebaceous  glamh  It  therrfoi-e  jepresieuls  an  inde|H*ndent  new- 
foi-matiuu  et  epithet iun»  due  to  a  parasite.  The  parasites  develop  inside 
of  the  epithelial  cells  <if  the  lobuhited  growth  (/),  but  are  [>re™ss**d  by  the 


Fia.  5ri5.~E(iittiet]oma  ^-ontMirlosuai.  Section  Lbrnufiti  i^rBaleat  dtiunetPT-  (MQnt*r\<t  (1uld«  bfirauioxylln}. 
a«  Epidermic :  Ik  vxmnvn'XiYe  tlKj^ue;  r,  sebmseou^  fFlatid;  d^  ^}vkn(\'l\)t^  t'pftbi'ilb&l  prr^lireratloas;  e>  pont- 
iltea;  /,  horny  tvlls  niingliMj  wliu  par»»lt«s;  {/» cluri  dlled  with  lK>my  **plUn_^tlmn  uud  parasiies.    x  13, 


growth  of  the  a<ljaceut  epithelium  toward  the  central  c^ivity  of  the  new- 
formation  (/),  and  lie  there  in  a  meshwork  of  destjuamated  and  horny 

epithelial  cells. 

The  earliest  stiiges  of  de\'eloi>nieut  of  the  paiusites  occur  in  the  epi- 
thelial cells  as  small  protoplasmic  IxKlies  (Fig.  53tl  a,  h),  which  can  be 
distiugnishtHl  from  the  eelbfirotoplasm  only  with  difliculty;  occasionally 
they  contain  in  their  interior  snmlL  distinct  gninnles,  and  are  therefore 
more  evident.  Latt*r  they  increase  in  size,  aud  tinally  till  up  completely 
the  epithelial  cell  {t\  </,  r),  pressing  the  nucleus  to  one  side.  At  the 
siime  time  the  grannies  within  the  cell  (r)  iiicrc;ase,  and  grow  to  larger 
IhkUcs,  so  that  the  pani^site  finally  becomes  divided  into  a  greater  or  less 
mnnlier  of  well -deli  netl  st  met  ores  { //,  i\    f  \   lying  in  a  finely  granulat 
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network.  The  tmekas  of  the 
epithelial  cell  is  destroyed  during 
this  time. 

The  epithelial  cells  whieh  en- 
close parasites  develop  early  a 
distinct  membrane,  which  lie- 
comes  more  and  more  clearly 
defined,  and  surrounds  the  para- 
site.  The  parasites  which  are 
exjielled  from  the  cells  form 
oval  lH)dies  which  appear  en- 
closed in  II  capsnie  anil  present  a 
homogeneous  a|)i>ear{uice.  They 
stain  deeply  with  ha^matuxylin. 

The  contafjious  epithelionmta 
may  ap|}ear  in  givat  nund>ers  in 
one  and  tlie  SJime  individnal, 
and  several  persons  lining  to- 
or   successively  attacked.     The 


Ftci,  i>%.—Panuilt4«cjf  Epithet jomuf CI QLmrloiitim  In  vn- 
riiJiif*  vtii^i!^  <»f  dcvelfi[>mc>Dt,  lyiiiif  liislde  i^pithFlial  t-elbt 
tM  tiller's  flu  id.  bieiiiatojtyllnh  a,  h,  hpMwHni  i*Mls,  eu- 
clo*iiii|^  H  prtflopJa&mir  iMMiy  insliJo  of  whkh  Me  sltJizU* 
l»rffe  tfraiui]e»;  c,  *nlthelliil  ef'll  iiliTuwt  rontptelely 
flUed  with  iMBmjift*'*;  th  «?*  A  paraRilea  «jtij;pletely  nUhi^r 
Ihe  t'pithellal  eella,  and  divtded  uit*j  tiumt^ituis  Hepnraie 
\»Miit^  lyiiiR  in  a  jrriiiiular  n*"twnrk  ;  th**  eell-nijcleus 
haj*  tieen  iU*Htn>yt'<i  In/.     >   ttNiiit  5i*}. 

get  her  may  be   either  simultaneonsly 

spreatl  of  the  disease  is  therefore  referred  to  a  eontiigion. 

By  manv  writers  the  ninlluscum  hwiies  are  not  l>elipvetl  to  he  parasit*»s,  but  are 
reKarclfvl  as  Iiyaline  or  horny  prcxiucts  of  wlUdepjfiieratioo. 

Our  knowleilge  of  the  signilicance  of  the  so-called  Miescher's  sacs 
is  still  incomplete*  They  are  tubeshaped  strnctui^*s  which  ai^  not 
infrequently  found  in  the  mnscles  of  the  hog  (Fig.  5:^7,  a,  b),  cattle, 
sht*t*p  (especially  in  the  ce^sophjigns),  and  mice.  They  vary  in  size,  and 
lie  within  the  innsclelibres.  In  mature  panisites  the  contents  of  the 
tnl)es  are  difteR^ntiatcd  into  single  segments  detined  by  a  membrane 
(Fig.  5»?7),  which  ent'lirse  spherical  M*),  kidin*v-sliapcd,  or  sickh'-shai>ed 
bodies.  The  pariLsite  is  cliLssed  with  the  Sarcosporidia.  Tlie  sei»arate 
s«^gtnents  are  de^signated  ^iporocffHts  or  Hpm'ohhtst%  since  within  these  the 
round  or  sickle -shajx^d  »porerS  {Eainei^^ii  bodies)  arise.     Fn>m  the  latter, 


FIO.  oar.— MiescBvrV  but:^  frum  awuiL-iuuscle,    o,  h^  Miawle  cut  1cmirltii(lttuillf  and  tr«Dmreraety.    X  1(X>. 

<:,  LoDiriiuiiinai  «iHion.    -:  fisn. 

new  Miescher-s  sacs  may  develop  under  favorable  conditions  (Pfeiffer). 
Ingest  itia  of  meat  containing  sjircMspuridia  is  not  dangerous  fur  miin,  but 
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sarcocysts  have  been  observed  in  man  in  the  muscles,  heart,   intentine, 
and  liver  (Lindemann,  Koch,  Kartulis,  Eosenberg,  and  others). 

As  early  as  1870  Eimer  published  observations  of  the  development  of  coocidia,  but 
their  life-history  has  been  accurately  determined  only  in  recent  years,  through  the  in- 
vestigations of  It.  PfeiffeTf  Simondf  Ltger^  Schaudinn,  Schuberg^  Stedleckt^  Schneider,  von 
Wastelewski,  Labhe^  and  others. 

The  reproduction  off  coccidia  occurs  (Lilhe)  partly  through  sporogony,  partly 
through  schizogony.  The  first  method  serves  for  tne  spreading  of  infection  and  tlie 
preservation  of  the  species,  the  second  increases  the  extent  of  the  infection  within  the 
mfected  host.  Sporogony  is  closely  connected  with  a  previously  occurring  compulation 
which  in  its  course  suggests  the  fertilization  of  the  egg  of  the  metazoa.  An  allematioti 
of  generations  also  takes  place. 


Fig.  .>«.— €ycle  of  development  of  Coccidium  Schalurgi.  (After Schaudinn  and  LObe).  /,  Spor^ 
zoite  (or  inen>zoite)  penetratinjf  Into  an  epithelial  cell:  2,  mononuclear  schlzont  in  an  epithelial  cell;  >, 
multinuclear  schizont:  4,  division  of  the  schlzont  (sohizoj^ony)  into  numerous  merozoites;  5,  macrofra- 
MwXe  (female  cell)  arising  fnun  a  merozoite :  6",  fully  developed  macrogamete  ssuiTounded  by  extruded 
chromatin  granules;  .'>a,  mlcn)gameto<'yte  (male  cell)  arising  from  a  merozoite:  6a,  niicr(^raraetocyt« sur- 
rounded by  loosened  microgametes  (spermatozoa) ;  7,  fertilizaticm  of  the  macrogametes  by  microgametes ; 
*»,  young  o5<\vsts;  .'',  o<)cysta  with  sponiblasts;  iO,  oOt^ysls  with  sponx^ysla,  each  containing  two  gpon»- 
/oitcs ;  //,  HiK)r(»Z(>lte. 


Tho  development  and  reproduction  take  place  in  the  following  manner:  In  schiz- 
ogony the  sickle-slmped  ^erm  (Fig.  5S8,  j)  arising  as  a  ftjwrozoite  or  merozoite  develops 
witliin  an  epitlieliul  cell  into  a  schizont  {H)  in  which  there  soon  takes  place  a  raultipliai 
tion  of  the  nuch'us  (./).  There  tlieii  results  (on  the;  second  day  after  the  over-feeding  of 
sporocysis)  a  formation  of  merozoites  {Jf)  corresponding  in  number  to  the  nuclei,  an«l  a 
residual  body  which  is  left  behind  after  the  segmentation. 

The  merozoites  again  seek  epithelial  cells,  and  the  sjime  development  lH*gins  anew. 
If  the  affected  organ,  jis  th(i  result  of  these  processes,  becomes  overcrowded  with  para- 
sites, there  are  then  formed  sexual  individuals  (Sr/iaudinn).  Some  of  the  merozoites 
grow  into  large  cells,  the  indcrofjanKteH  {5,  (>)  or  female  cells,  which  Avhen  mature  throw 
off  a  imrtion  (jf  their  chromatin-substance  {(I),  and  either  remain  naked  or  surround 
themselves  with  a  capsule,  which  is  provided  with  a  micropyle.  At  the  same  time 
other  merozoites  develop  into  the  male  sexual  cells  or  vncrognmetocytejf  {5a,  Cm),  the 
nuclei  of  which  divide  into  many  daughter-nuclei.  The  latter  approach  the  surface  of 
the  cell.  and.  surrounded  by  a  certain  amount  of  protoplasm,  are  constricted  off,  (f^a) 


PATHOGENIC    PROTOZf>A* 


705 


nito  then  n'prefient  thc??i/rrfW7rtw/W«^«  fcorreBpnndiiiirt^  tin*  sjiirmjifozo^i  af  thr;  Iji/jher 
uniiimlH).  The  cttptihitioft  of  tlie  initiojiiaiiietes  with  the  iiiiiiTojffimftt'S  takes  phirc  in  u 
riiHiimT  Bimilar  to  that  of  thefertili/ntinn  of  rJif*  im/tnzonii  e*rjt?,  in  tliat  the  TMk'r()x'i*'i*"'^*' 
IKMielrfttts  tlie  eiieiipsulateti  form  of  rimrniirnrm'tt*  througli  thtMiiifn»]ivl<*.  iimi  tJie  iitiked 
form  through  ti  certain  point  wliieh  pusluR  itseif  tnitwiini  to  fcurn  h  piomiru'nee(r),the 
coripeptional  protiil>emiiee.  Spomtjuni/  follows  rhe  fertilizaHoii — rK'it  if^,  iht*  oocyst  (S) 
is  formefl,  in  which,  thmufjh  the  «li vision  of  rlie  niieleiks  am!  jirofo(^la?*in.  there  ari5«e 
four  ^portjblaittH  (.9),  each  of  which  later  jiroduces  two  sickle-slnipiMi  spi/rozoiks  {10). 

Nunierons  authi>rs  hold  the  view  that  otlier  local  ptillnjlon^iral  coiKlilions  of  the 
tJSKiies  in  Tnan  than  tlutse  clescrilM'd  ahove  may  he  i-i^ferred  \o  Afttftf^z***!,  pjirtknlurJy  rar 
Hno$mi,  liaritrH  th'jttftHf,  Ptif/etit  dii^eftHf,  peenliur  diActiSi  s  of  the  urinary  pansii^es,  etc. 
It  may,  however,  tie  reinarkcil  that  tljis  iissuiiiptioii  in  part  is  ba.»^'f|  »ipon  error,  and  in 
part  lias  not  lieen  ahsohitety  proved  hy  tlie  ijivesti^MJons  wJiieh  huve  heen  naidi'  up  to 
the  prest*nt  linu^ 

tSo  far  as  tttrflnnma  is  eoueerned,  in  spile  of  the  ^?reat.  nuniber  of  works  on  the  niih 
jw't,  fw*  nnaieroMs  indt^ni  tlmt  they  can  S4-areely  1h*  perui*ed  (cf.  t;  121),  no  pnwrf  has  yet 
been  pven  that  prolo/oa,  eoecidiii  in  pjirtieular,  are  present  within  tlie  (  pithelial  pro- 
liferation and  are  to  be  regarded  as  the  cause  of  the  s»uia\  All  (he  apiwaranees 
deftciibetl  as  net  nrring  in  cjircinoma  cells,  even  Ihesiekle  shapeil  ff>rnnitions  w  Inch  have 
iK^en  thou^rht  to  be  eotn  incing^  and  those  providc^i  with  a  sort  of  eapsnle.  nuiy  be  other- 
wise interpreted,  and  may  be  ex[>lained  in  pari  as  changed  iiuch'i,  in  part  as  altereii 
protoplasm  of  the  caneer-ct'lls,  in  part  as  cell  excretions,  and  finally  in  jairt  as  a  produit 
of  cell-fusion  ov  of  the  taking  \\p  of  leucocytes  by  the  cancer  cells. 

The  disease  cleacril>ed  by  Ihnttr  bs  imtmttpt  rmtrnjolftettlaifr  rf'yrftttiff,  mui  referred 
by  hirn  to  the  presence  of  >s]i*ori>/oa,  is  verv  proltably  only  an  inthimmatory  alTeetion  of 
the  skin  characterized  hy  a  patliological  coridticatiou  (kemtosis  fcdliculaiis  of  ntft. 
Wit/te),  in  which  little  horny  phigs  and  pegs  are  developed  successively  in  thee  pi  I  he- 
lium of  certain  tuirtsof  the  l>ody.  while  the  cutis  shows  slight  inllammatory  cbangeH. 
According  to  Huzsi,  JZ/Vf/i^n'.  Nitrk%  Krlmuff,  Petersen,  and  otliers,  I  he  **tffrfM*  rontU/' 
dent  ribi^d  by  Ihiner  as  paraaites,  ctuitAiti  kcrotohyalin  and  eleidin,  substances  which  are 
pres^^nt  in  cornillcd  cells  but  not  in  gregarina^ 

PafjeVs  diMiine  is  an  affection  spreading  from  the  nipple,  beginning  with  an  eczema- 
like  intlarnnnitiim,  and  leading  to  aupertictal  ulceration,  ami  tinallv  ending  in  a  carci- 
nomatous infiltration  of  the  Kkin,  It  has  been  referred  l>y  I)iintt\  iViu'lftftnt,  3f4LitiMHez, 
»m\  otbei's  to  the  t>resence  of  a  pamsitic  sporoKoon  in  the  epithelial  cells;  l>ut  is,  how- 
ever, either  an  eczema  arising  from  other  causes,  and  finally  leading  to  cancer,  cir  tds*.' 
is  a  primary  cancer  accomt>aiiied  by  indammatory  processes  {Ehrhitnlt),  in  which  pecul 
iar  changes  take  place  in  the  epidennis,  particularly  swelling  of  ihe  protoplasm  and 
miclei,  Willi  ftaniation  of  vacuoles,  and  further  proliferative  changes,  the  pecwliarap- 
pearfinces  of  which  nii^ht  be  mistaken  for  parasitew.  According  to  Jacofmeun  thcM^ 
api>earances  are  brought  n!>out  through  the  penetration  of  tlie  carcinoma  into  the 
snpcrficial  epithelium. 

In  variola  and  vaccinia  then*  occur  eouHtautly  in  the  epithelium  iiiitt  luus  under- 
gone recent  changes  stuall  lightly  stainiug  hotli^*^  tiurrounded  by  a  clear  xotie,  often  in 
great  numlH^rs.  Their  constant  occurrence  i!i  ret>eated  inoculations  and  tlieir  charac- 
terifitics  make  it  very  prohable  that  they  represent  |>arasiteH  Ix'longing  to  the  protozrwi, 
and  this  vi«nv  ts  favored  by  numerouH  author^  ((hiurrtien,  E.  P/rijfer,  L.  Pfdjftr,  Hoh(\ 
Funk,  Connrilmun,  I'ftn  Wtimtlnrski,  and  otbersK  Huckel  antl  Borrei  Imve  attemptcil 
to  interpret  these  structures  in  another  way. 

Negri  (^*EtiologiederTolhvut,"Z./  Htjg,  4:i  und  41  Bd..  KHK^)  descrilies  small 
bodies  found  in  the  nervous  systi'iii  of  dogs  inoeulaieil  sulwhindly  with  the  vims  of 
rabies  winch  he  n^gnrds  as  tirotozoa  ami  cousiilers  to  l>e  the  cause  of  ridiies.  Invc.v- 
ligatioms  hy  Volfuno  t"  Struttum  dei  cor[>i  descr,  da  Negri  nella  Hahhia."  A  per  le  Sr. 
\f(rd.,xxv\u,,  19  H}  tmd  l>v  Luzzuni  C*  \ai  dimostra/.  <lcl  Parass.  sjM^cif.  in  un  cjusoili 
r:kbhin  nel  I  uomo/'  Ihid)  support  the  view  of  Aej/rtMnit  offer  no  further  iuformatioii 
!LS  to  the  nainw  of  the  parasite.  According  to  .1.  Wl  Uiilittms,  the  Negri  ho*hcs  possess 
a  deftnitc  cliromidium  and  are,  therefore,  to  lie  classed  with  the  rhizopoils  {Joum.  of 
Ivfed.  Dis,,  ]\m\\. 

Mallorif  ( "  Scarlet  Fever/'  Jour,  of  Mrd.  Ren^  x..  I90JMijl«  i  »5nd  a  protojsofjn-Iikc 
l>o<ty  in  four  ca,«*es  of  scarlet  lever.  Fidil  yJcurn,  of  Exper.  .\ffd.,  10115)  l>elieves  that 
these  botlies  are  productsof  degenerating  tisHye'CellHand letico'^yles.  (if>tH€hlirh  ( "  rroti>- 
aoeDlaefimde  im  Blute  von  hlecktypbuskranketi,"  />.  mtd.  Worhf^mrhr.,  ItMKi)  found 
pear-shaped  bodies  in  six  cases  of  typhus  fever  wliieh  re>4'iubled  the  parasite*  of 
Texas  fever,  and  in  four  cases  he  found  ah*o  flagellated  Hodies. 

Acconling  to  Hem  and  Gmlhbrau,  coeciflia  may  occiision  in  young  cattle  disc^ases  of 
the  intestine  resembling  dysentery.  According  to  Ott  and  Vmifin,  the  sliotty  erupt Joti 
of  swine  characterized  by  the  formation  of  little  cysts  in  the  ^kiu  is  caustnl  by  coceidin 
(C./usrum).  but  according  to  Luke  thedescripiion  of  the  parasites  does  not  correspond 
to  cocci dia. 
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and  Celli)  or  the  haemosporidia  of  malaria  are  grouped  together  at  the 
present  time  all  those  blood  parasites  which  are  regarded  as  the  cause  of 
human  malaria.  The  parasites  are  found  1  n  t  he  blood  of  malarial  i>at ients 
in  different  forms,  usually  enclosed  in  cells;  and,  according  to  the  ob- 
servations of  Golgi,  Celli,  Marchiafava,  and  others,  a  definite  relation 
can  be  demonstrated  between  the  numlx^r  and  the  stage  of  the  develop- 
ment of  the  parasite  and  the  attacks  of  fever.  The  parasites  pass  through 
different  stages  of  development  in  the  interval  between  the  attacks  of 
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phy.siological  characteristics.     Supported  by  these  facts,  there  may  there- 
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fore  be  distiugaished  iu  man  diffei^nt  species  of  the  malarial  Plasmodium. 
In  its  narrower  sense  the  designation  Plasmodium  malarias  is  used  only 
with  reference  to  the  parasites  of  qnartan  fever.  The  parasite  of  vernal 
tertian  on  account  of  its  active  movements  is  known  as  Plamwdium  vivax 
(Grassi  and  Feletti) ;  and  the  parasite  of  tropical  malaria,  which  in  Italy 
appears  iu  the  autumn,  is  designated  Plasmodium  prascox, 

Schaudinh's  classification  of  the  malarial  parasites  is  accepted  by  most  writers. 
He  recognizes  three  varieties:  Plasmodium  vivax  (tertian),  Plasmodium  malaritt  (quar- 
tan), and  Plasmotlium  immaculatum  (sestivo-autumnal  parasite). 

The  development  and  increase  of  the  plasmodia  take  place  within 
the  red  blood-corpuscles,  in  which,  first  of  all,  small,  colorless  amoeboid 
bodies  (Fig.  539,  a)  appear.  In  quartan  fever  the  further  development 
of  the  parasite  proceeds  by  an  enlargement  of  the  small  amceboid  forms 
(Fig.  539,  a,  b,  c,  d,  e),  so  that  the  red  cell  becomes  more  and  more  filled 


Fig.  33B.-Pl€unuidium  malarkE  of  quartan  ferer.  in  different  stages  of  derekipmenL  (AfterGolgf.) 
a.  Red  blood-cell  witb  a  small  non-pi|nnented  Plasmodium ;  h,  c,  tU  r,  pigmented  Plasmodia  of  TarytDic 
size  inside  the  red  blood-oells :  /.  Plasmodium  in  heginninir  segmentation,  with  centrally  placed  pigmeot: 
0,  segmented  plasmr^'lium :  /i.  Plasmodium  divided  into  .separate  sphenileK*.  i.  free  samete  (aerual 
indiTidu:il>. 

up  by  the  punisite.  At  the  sjime  time  pijrmeiit -granules  upi>ear  within 
the  bodies  of  the  phismodia.  When  the  phtsiiKxlia  have  attained  a  cer- 
tain size,  the  pigment -<xrJinuIes  move  toward  the  centre,  while  at  the 
same  time  a  radiating  cleavajce  Si^ts  in,  t>o  that  daisy-like  figures 
('' rosettes  ^^)  (  f,  (j)  are  formed,  which  consist  of  a  pigmented  centre  and 
non-pignieuted,  radiating  elul)-shai)ed  petals.  Later  the  elnbs  l>econie 
detached  from  t  he  cent  ral  inivss  of  pigment  and  take  on  a  circnlar  form  {h). 

According  to  (iolgi,  the  development  and  division  of  the  plasmodia  of 
quartan  fever  require  three  days  for  their  completion,  and  the  attacks  of 
fever  eoinei<le  with  the  division  of  the  plasmodia.  The  red  cells  occu- 
pies I  by  the  parasites  are  destroyed ;  the  young  plasmoilia  Just  formed 
by  division  i>enetrate  ag*ain  into  blood -eorpus<'les,  and  the  cycle  of  de- 
velopment l>egins  anew.  The  pigment-granules  formed  by  the  plasmodia 
are  taken  out  of  the  circulating  blood  partly  free  and  partly  enclose<l  in 
cells,  and  deposite<l  in  <lifferent  org-ans,  particularly  in  the  spleen,  liver, 
and  bone- in  arrow. 

\\\  ff'bris  teiiiana  (rrrnal  tetlian)  the  cycle  of  development  is  completeil 
in  two  (lays.  The  plasmodia  developing  within  the  red  cells  (Fig.  540, 
ti-dy  which  are  designated  Plasmodium  rirax,  show  much  livelier  motion 
and  lea<l  much  more  quickly  to  a  decolorization  of  the  red  blood-cor- 
puscles than  those  of  quartan  fever,  so  that  the  red  cells  l>ecome  decolor- 
ized on  the  first  day  after  the  fever,  while  the  plasmodia  ai*e  still  small. 
The  protoplasm  of  the  plasmodia  of  tertian  fever  is  also  more  delicate 
and  less  sharply  contoured  and  the  piginent-gninides  ai-e  smaller.     In  iU» 
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Fl<^,  rtHK~  Pftti(tm>tlium  rini.r    uf  u   vi-rriaf    t*^muii, 

iU  Ursi  stitifc-i  uf  il<»\v|i»piiit-iii :  iu  r.  i'liliiw-^l  i»laairi6>c1lii 
with  (i«>iru<iu|>Hi|iii :  rf^  pjiir^iiHKJltt  bofitft' jtiJ<i>ruliiU(>ii^  tEjervd 
Mmid-4't^ti  <l*H'<v|itTly,iHl ;  r,  MrNtrtildilrm;  f*  frf^"  pnnuilUt 
Willi  nu}r««]liiiii  (tnicnt^iiiuH^H-vti'.). 


liivisioii  eueh  pliiHiiHKlium  splits  up  into  from  tifteeii  to  twenty  new  ceils 
(f.-),  whiii*  tlif*  jmriisile  of  riiuirhm  IVvt'r  frtrms  tnily  from  six  t^i  twelve. 
At^i'ordini;  lo(VlH  und  Miirchiafavii,  sporiilution  iiol  iiilreqiiently  occurs 
pi-einiiturely,  from  five  liv  ten 
spores  arising  within  ;i  rvd  vuv- 

Tbe  iMirasihi  nf  tropiesil   or 

iftnm  pnf'*'oj\  cUtt'ers  from  th** 
liieniosporidia  of  the  vernal 
fevers,  [Hirtieiiliiiiy  in  the  far*! 
thiit  it  is  miieh  smaUer  (Fi^. 
541,  (t,  h,  i\  <l]  and  exet*ntes 
lively  movement s  witliin  the 
red  eelis.  It  completes  its  life 
<\vele  in  twenty  tNair  to  fui'ty 
ei^ht  lioui-^.  TlinajH^h  the  for- 
mation of  a  central  vaeni>le  it 
uften  apjicais  in  the  lorm  of  a 
rin^.     Dnrin^^tlie  sttijicof  mnl- 

tipHeation  the  parasite  eolleets  in  the  internal  organs,  so  that  the  divi- 
sion-fi*:nres  (</)  njnst  he  son;;hl  in  the  splt^iin,  live^j',  ijmie-marrow,  and 
hmin  (wher*' they  are  i>rt*seiit  in  ^reat  minilit*rs).  Some  of  the  infected  red 
cells  become  erenaled  and  prickly,  iin<l  of  ii  brassy  color  (3Iarchiafava, 
Pelli);  they  die  prematurely,  and  hh*od-eells  wliieh  etmtain  no  parasites 
are  also  destroyed.     Tin*  attacks  of  fever  can  in  tln/eas<»  of  antnmnal 

tertian  fever  become  so  pro- 
longed that  they  ]kiks  inti> 
one  iinothei",  and  the  comli- 
tioii  thereby  ;issnnM*s  the 
eharactt*r  of  a  Mttfhrtmlinumts 
or  iutnfhiifftnH  fvvn\ 

According  ti^  March tafuva 
and  t  Vlli,  there  idsc*  ocelli's 
a  ipnvlidian  pai'usite  ver> 
similar  to  the  latter,  luit  pro- 
ducing no  pij::ment  at  alh 

yttrhyir  hudhn  may  1k^  de- 
monstrated, during   certain 
stages  of  development,  in  the 
}ir4»t4»iiiasnj    of   all   the  endo- 
ghibnlar    forms    ai    nmlarlal 
Ineniatozoa.       Acenrding     to 
Niemann,  ]n  iipornffttfitu  tlnMr  tiist   uvcnrs  n  dirirxifm  of  fkr  eftnmtfttin  into 
.wiall  Huittps,  anil  then  later  thi' divisifin  ot  thi*  I'elMindy,  so  tiiat  every 
4'liim[>  <»f  chromatin  is  snri"«nnuhMl  by  a  /.one  of  tiri>to[dasm. 

Besides  the  forms  of  develoj^ment  already  deseribed  whieh  lead  to  an 
intraeeilular  increase  *d*  the  i>lasmodia  throngh  srhizw/otftf,  theit*  i>ecnr 
[larticnlarly  extmi^dobnlar,  in  part  als^l  endoglobular,  round  and  oval, 
sickle- or  crescent -shaiied  strnetnres  (Figs.  5:^9,  /;  541,  *%/),  as  well  as 
round  bodies  with  tlagella  (Figs.  54t^  f;  541,  //),  whieli  also  contain  a 
nucleus  and  pignu'iit.  The  (*res(*i'nt  forms  occur  j>arlicularly  in  the  per- 
nieious  fever  (Fig.  541,  f\  f).  t'elli  n»gards  them  as  a  diagnostie  featnu* 
of  this  form  t»f  fever;  and  Ziemaun  also  liulds  that  lypii-al  crescents  ai^ 
not  formed  in  tlie  rather  varieties  of  malaria. 


ooo 


y 


Fig.  'A\.-  IHtiMtutHfitnu  I'/rnvfT  uf  ln<pl(-al  lujjlurla. 
Mljowlnfr  dl (Tenant  HUijiff"!*.  nf  (Icvt'ltipmcnt.  I  Afltr  iM'lifi  ami 
?»«nfflti'*'J  tf.  Kinst  stHtfi^  iif  dfvHutmifrii ;  h^  piusmtKlhi 
with  i»Piitlo|iotllii ;  r.  n"un<l  i*lB,,wi(j<li(iiiH  with  |>ljyFioent.  »■<'- 
ft irv' seifrtifti tuition  :  tt,  n\n*nii\niUtn  i  *,  iTitnurlohiiliir  '«4'.\miiI 
Ifirflvldisal ;  f,  {t,  fn^'  jm-xuhJ  <vI1>, 
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The  last-named  forms  Laveran  had  already  described  as  stractares 
belon^Dg  to  the  cycle  of  development  of  the  plasmodia,  while  Golgi, 
Canalis,  Celli,  Marchiafava,  Bignami,  Bastianelli,  Ziemann,  and  others 
regarded  them  as  sterile  vegetation-forms  that  die  without  further  de- 
velopment. First  through  the  investigations  of  Manson,  Bignami,  Boss, 
and  MacCalliim,  to  which  were  later  sulded  those  of  Grassi,  Bastianelli, 
Bignami,  Celli,  Laveran,  Koch,  Schaudinn,  and  others,  it  was  shown  that 
the  crescents,  the  oval  bodies,  the  spherical  bodies,  or  spheres,  as  well  as  the 
flagellated  bodies  known  as  pdlymUiis,  are  intended  for  the  reproduction  of 
the  parasites  by  copulation.  The  flagella- producing  hyaline  spheres  aris- 
ing from  the  crescents  are  nude  sexual  indimduals  or  microgametociftes, 
and  the  flagella  developing  from  them,  in  whose  formation  the  chro- 


t^^. 


Fio.  542. 


(After  Meisen,  loc.  cit.)    X  4. 


FIG.  543. 
To  tbe  tight  a  wing  at  higber  mair- 


Pio.  5i2.—Anophde*  claviger. 
niflcatloD. 

Pig.  543.— ookinete  of  buman  pernicious  malaria  {Platnnodium  prcseox)  in  tbe  intesUnal  wall  of  a 
moequito.     (After  Grass!.) 

matin  of  the  cell  takes  an  essential  part  (Sacharoff),  have  the  signifi- 
cance of  seminal  cells,  spermatozoa^  ov  microgametes ;  while  the  non-flag- 
ellated spheres  arising  from  the  granular  crescents  have  the  significance 
of  female  sexual  cells  or  macrogametes.  The  crescents  leading  to  the  for- 
mation of  the  sexual  cells  appear  onlj-  after  the  infection  has  lasted  for 
several  days.  In  the  chronic  cachexia  following  malaria  the  forms  lead- 
ing to  schizogony  are  absent,  and  the  crescents  alone  are  present. 

The  copulation  of  the  malarial  parasites  of  man  takes  place  normally  in 
the  stomach  of  the  mosquito,  in  difi'erent  species  of  Anopheles  (Fig.  542 j, 
w  hich  take  up  the  malarial  parasites  during  the  sucking  of  blooil  from 
malarial  patients. 

The  copula  arising  from  the  union  of  the  macrogamete  and  micro- 
gamete  is  designated  ookinete  (Schaudinn),  a  long,  motile  structure 
(devseril>ed  earlier  as  vermiculus  by  Danielewsky)  which  penetrates  into 
the  stomach-wall  of  the  mosquito  (Fig.  543),  where  through  the  forma- 
tion of  a  capsule  it  l)ecomes  the  oocyst.  The  latter  then  enlarges,  and 
forms  nuiiierous  daughter- nuclei,  and  then  sporoblasts,  which  break  up 
into  the  sporozoites  (Fig.  544)  and  the  residual  body.  According  to 
Grassi,  as  many  as  10,000  sporozoites  may  be  formed  in  one  oocyst. 

The  sporozoites,  which  are  formed  in  enormous  numbers,  pass  into 
the  body-cavity  after  the  rupture  of  the  oocyst,  and  collect  principally  in 
the  salivary  glands,  and  through  the  bite  of  the  infected  mosquito  are 
again  transmitted  to  man,  in  whose  blood  they  multiply  within  the  red 
blood-cells  through  schizogony. 
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The  pdfho^enic  m^ttijiemwe  of  fh^  malarial  phmmoflm  rests  in  tbe  liist 
place  upon  tlR?  de.striirtiou  of  red  blooti-eells.  In  the  pernicious  fonn 
this  may  be  so  exleiisive  that  hieninghtbHiuria  may  take  place.  The 
melanotic  pij^meiit  formed  in  the  parasite  is  a  product  of  the  vital  ac- 
tivity ijf  the  paitisites.  In  addition,  as  the  resnlt  of  llie  destruction  of 
hieinoghibin,  there  occur  deprisits  of  hoemosideriu  in  tiie  hDiie  inarruw, 
spleen,  liver,  and  occasionally  also  in  the  kidneys.  In  the  case  i»f  a 
marked  destructiini  of  the  red  blood-cells  there  may  occur  an  excretion 
of  dark  red  urine,  a  latin oglolii n ii ria  (?>/«M'-irfl^T/crcr),  The  nnissing  of 
the  pariisites  of  iicrnicions  malaria  in  the  ceridvral  capillaries  may  cause 
circulatory  disturbances  with  llu*  occurrence  of  numerous  ha*nnirrliages, 
andcinisLMiuciit  sevt*n^  t-ercbral  syjuptoius  (peruiciosa  comat osa,  tioporosa, 
ap*  1 1  d  ec  t  i  ca,  nu^  ni  u  g  i  t  ica) . 

As  the  result  of  the  retention  of  pigment'Containing  malarial  parasites 
antl  the  deposit  of  the  pixKlucts  of  blood -destruction,  there  i^ccnrs  a 

marked  swelling  of  the  spleen  associ* 
ated  with  hypiMTcmia,  folio we*l  in  part 
l>y  tissneih'generations  and  in  part  by 
tissue- proliferations. 

After  a  long  duration  of  t lie  process 
the  »spleeu  niay  become  markedly  en* 
larged,  [>igiuentcd.  and  greatly  changed 
in  structure.  Likewise,  in  the  li\er 
there  nuiy  W  found  iu  i>art  de*genera- 
lions  and  pigiuentatiiois,  and  hi  part 
a  Iso  i  n  d  n  I  'at  i  v  (*  i  u  ■( » 1  i  t  V  r :  it  i  ons. 

Verfmn    iwrlfiirH  of  the  phmmodium 

correspond    to  tin*  imlividual  types  i^f 

fever,  as  given  above,  l>ut  it  must  \m 

noted  that  the  fever- f*u'uis  known  as 

<pn>tidiau,  subcontinutais,  and  continu- 

*  ajs  (*  *  rum  itfdd  ■ ' ),  may  also  a  r i  s«*  i  h  rough 

ttie  prestnn'e  in  the  bhiud  of  ditfcrent 

generations  of  the  plasmotlia  of  tertiau 

or  ijuartan  fevers,  so  that  daily  a  portion  of  the  ijarasites  ct*mes  to  sporu* 

hit  ion*      In  this  way  there  arisc^  quotitlian  lV»rms  uf  tV^vcr,  which  must  \m 

reganlcd  as  a  floulde  tertian  infection  or  as  a  triple  quartan, 

Acc4U'ding  to  tlie  investigations  l>y  Scliaudinu,  the  rfhtpsr.^  that  occur 
sometimes  weeks  and  nH»nths  after  the  original  attack  may  W  exidaiiied 
by  the  fact  tliat  the  nnicroganietes,  which  are  longer-lived,  revert  to 
schizonLs  by  throw  ing  otT  a  portion  of  their  nnclens  an«l  protoplasiu. 
According  to  Plehn,  basiiidiile  gnmulesare  found  in  the  red  blood  cells  as 
long  JUS  the  intVction  persists.  They  vanish  when  the  infectitni  tiiially 
comes  to  an  eud. 

The  malaria  occurring  iu  northern  countries  ctu-r-espouds  iu  geneml 
to  the  vernal  forms  of  Italy,  while  the  lestivo-autumual  form  is  found  iu 
the  tropics. 

Hiemosporldia— tlrnt  if,  Hporoxoa  which  live  at  the  cost  of  tlie  red  blood-cells,  and 
ttiereby  ftriHiiice  diswises  which  are  to  l>e  classed  with  malaria — occur  very  frequently 
In  aalitials.  Those  of  birds  are  IteM  known  (DanitevHky,  MacCntlfirn,  Rosa,  Gras»i, 
Dmnini,  Celli,  iitkI  Srhaii'iirfu)  and  ihr  hfe-rycU*s  of  the  ha?nioHporidia  of  the  pigeon, 
owJ,  ami  skyhrk  have  Wen  determined,  Lubhf  distinpui^he*^  two  ijenera  in  hirfls,  Hnl- 
kHdium  and  PraUosoma  {HecmopnilruM  of  Krune);  as  to  the  numlwr  of  undifferentiHted 
sj>ecie«»  nothing  can  be  said  at  the  present  time.     CeUi  ohtuined  from  the  birds  men- 
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tioiied  three  well-defined  species.  Schaudinn  assigns  the  parasites  of  birds  designated. 
as  proteosoraa  to  the  genus  Plasmodium. 

Of  the  Mammalia«  cattle  in  particular  suffer  indifferent  countries  (Southern  States 
of  North  America,  Italy,  South  Africa,  Roumania)  from  a  maiaria  characteri^d  by 
high  fever  and  haemoglobin uria.  In  the  malaria  of  cattle  known  as  Texas-fever,  Smith 
and  Kilbourne  found  in  the  red  blood-cells  a  small,  oft^n  pear-shaped,  and  paired  parasite 
{Piroplasma  hlgeminum),  whose  pathogenic  significance  they  determined  through  the  in- 
oculation of  healthv  cattle  with  blood  containing  the  parasites.  Babes  found  the  same 
parasite  in  the  epidemic  hiemoglobinuria  off  cattle  prevalent  in  Roumania.  The  first - 
named  observers  showed  further  that  the  natural  infection  takes  place  through  parasftic 
ticks  {Boophilus  bovis)  living  upon  the  cattle,  the  infection  being  transmitted,  not  by  the 
same  tick  which  takes  up  the  infected  blood,  but  only  through  the  generation  descend- 
ing from  the  same.  This  mode  of  infection  was  confirmed  by  Koch  in  the  hemoglobin- 
uria of  cattle  occurring  in  German  East  Africa  and  by  Grassi  in  that  occurring  in  cattle 
in  Italy.  The  mode  of  development  of  the  piroplamna  in  the  body  of  the  tick  is  still 
unknown;  and  it  therefore  cannot  be  decided  whether  the  parasite  should  be  classed 
with  the  known  malaria  parasites.  Against  a  near  relationsnip  with  the  latter  speaks 
the  fact  (Liihe)  that  it  increases  within  the  red  blood-cells  by  a  repeated  simple  dwision. 
According  to  KoUe,  there  occurs  in  South  Africa,  besides  Texas-fever,  anotner  malarial 
disease  of  cattle  (Fcbris  malariaformis) ,  which  is  caused  by  an  endoglobular  parasite. 
Theiler  also  distinguishes  two  forms  of  piroplasmosis  of  cattle  in  South  Africa.  The 
piroplasma  occurring  in  dogs  and  in  horses  he  re^rds  as  an  especial  form  distinct  from 
I'iroplasma  bigeminum.  According  to  observations  by  Nocard  and  Almy  and  Motaa 
a  piroplasmosis  associated  with  haemoglobin uria  is  not  uncommon  in  dogs  in  France. 
Accoraing  to  GaUi,  Valerio,  and  Piana\  it  occurs  also  in  Italy. 

According  to  Bonome  and  Cellif  hsemosporidia  also  cause  malaria  in  sheep  and  lambs, 
according  to  Koch  and  Kossel  also  in  apes,  and  according  to  Dionisi  in  bats;  but  the 
life-history  of  all  these  parasites  is  unknown. 

Danilewsky  and  Celli  have  described  hiemosporidia  in  the  frog,  and  the  latter  ob- 
server determined  also  the  development  of  the  parasite  in  the  blood. 

Whether  the  malarial  parasites  of  man  can  be  transmitted  to  animals,  or  whether 
the  malaria  of  animals  can  lead  to  an  infection  of  man  through  the  medium  of  mos- 
quitos,  is  not  decided  with  certainty,  but  appears  improbable.  The  plasmodia  of  the 
bat  most  closely  resemble  those  of  man,  yet  attempts  at  inoculation  made  by  Dionisi 
gave  no  positive  results.  It  may  therefore  be  assumed  that  malaria  would  die  out  in 
a  given  region,  either  when  all  susceptible  anopheles  were  killed,  or  all  infected  human 
iiulividuuls  hoaled  or  protected  from  mosquito  bites. 

The  nialiiriul  plasmodia  are  stained  best  by  the  Romauowski  stain,  which  differen- 
tiates the  nucleus. 

Tile  view  that  mosqultos  wen^  concerned  in  the  distribution  of  malaria  is  very 
old.  and  has  obtained  in  Italy  since  Roman  times.  K<>ch  found  it  held  as  a  popular  belief 
also  among  negroes.  In  recent  times  J^i/wjo/i  (189G)  and  i^i^'/w/m*  (1896)  were  the  first 
to  turn  their  attention  to  the  problem  and  to  give  hypotheses  concerning  the  role  played 
by  mosciuitos  in  the  spread  of  malaria.  Bvprnmi  carried  out  exi>eriments  along  this 
line,  but  came  to  no  positive  result.  Rohh  was  the  first  (1897-98)  to  determine  the  cycle 
of  development  of  the  malarial  plasnuxlium  of  birds  (usually  known  as  proteosoraa). 
According  to  his  investigations,  the  parasites  taken  up  with  the  blood  of  the  infected 
bird  into  the  Intestinal  canal  of  mosqultos  penetrate  into  the  intestinal  wall  and  there 
change  into  cysts  in  which  innumemble  i-od-shaped  germs  develop.  Becoming  frt»e, 
tiiese  germs  gain  entrance  into  the  sidi  vary  glands  of  the  mosqultos,  and  thence  into 
I  lie  tirganism  of  the  bird  during  the  act  of  blood-sucking.  Ross  found  the  pai-asitcs  in 
tin*  l)loo<l  of  the  infected  bird  in  from  five  to  nine  days  after  the  infection. 

About  the  Siinie  time,  Gratwi  found  through  painstaking  observatioi.s  that  the  dis- 
tribution of  maiaria  in  man  corresponded  to  the  distribution  of  Anopheles  cUivigtr 
(hahncinx)  (Fig.  542),  and  not  to  that  of  the  common  mosquito  {Cnhj-pipiefis).  Basing 
ids  experiments  upon  tiiis  observation,  Bi)/ h(t m i  succvetk^i  in  producing  malaria  in 
healthy  men  by  means  of  tlie  bite  of  anopheles.  Later  Grnmi,  in  cooperation  with 
B4mtiahfHi  and  lUguami,  succeeded  in  determining  the  life-cycle  of  tlie  malarial  par- 
asite. It  was  then  shown  that  several  species  of  anopheles  native  in  Italy  {AnoplwUi 
claviger  l^Fabricinx]  or  Aiiophdett  iiKirulijiennis  [Meigen],  Anopheles  superpictvtt.  psettdo- 
pictuH,  btfurc(itnt()  spread  the  malaria  occurring  in  man.  while  C u lex  pipiens  is  the  host 
of  the  parasites  of  bird-malaria. 

Th(>  cycle  of  development  of  the  malaria  Plasmodium  is  as  follows:  Within  the 
blood  (of  man  us  well  as  of  birds)  the  multiplication  takes  place  first  by  «r/rf><>^/jy.  The 
young  form  (»f  the  plasmodia.  represented  by  a  small,  un pigmented  boily,  grows  within 
the  red  cells  (Fig    543,  i)  into  a  larger  body    (-^),  in  whose  central  portion  pigment- 
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gmnuks  colUii^t.  This  cell  body  kuowu  as  ttehigont  sbows  iu  pivpartttkm  for  schizogony 
aniDCreaseof  nucki  (J),  aud  llit'ii  divides  into  anuinluT  |varying  with  the  npmes)  of 
»po>i*eii  or  m^tozmkai^)  witli  the  alMimioiiint  iit  of  a  pigttieiiteil  residual  body.  The  nvpro- 
xo\U'^  then  st.*ek  a  red  blood  red  {I),  aod  the  cycle  is  upiiu  befifun. 

In  irjmrt'fftHtt/  Ibc  incrozoites  develop  hiio  sexual  individuals,  macroganietes  {/i)  and 
microgaiiietocyti  s  (.i<f).  When  taken  up  into  tliu  stotnarli  l\v  blocHlsucking  nios- 
quil^St  I  lie  sexual  iudividuala  become  ripe  for  fertilizatiiui,  the  tuucrogamcte  by 
throwing  off  the  karyosome  {**),  the  nucn»gauietocyte  througli  the  foruialiou  of  uiicro- 
ganieteH  (^^/K  Copulation  then  f(»[lows  {7)!  FrouUhe  copula  arises  I  lie  uu>tile  o5kinetc 
(.if),  which  In  the  wall  of  the  mofupiilo's  intestine  hecrtuu-s  the  orwyst.  iu  wliieh  thmijgli 
the  divif^iou  of  tlie  uuchnH  the  Hporoblastg  (f^  an*  formed,  which*  iu  turn  break  up  into 
a  large  number  of  sporoziules  (7^/)^  whirli  (//),  becoudtig  free,  coiled  eiiH'tly  in  the  sali- 
vary glaudR,  nud  are  thenec  transferred  by  the  bite  of  the  nit^i^uuito  lo  a  new  host,  iu 
whose  blooil  tbey  increase 
Hirough  schizogony  (/-?). 

Acctrrding  to  the  iuves- 
tiinitioriH  of  Schaudinn^  the 
mucroguniete^and  the  micro- 
gainetoeytcs  of  PktmifHfium 
rtmr  may  be  distinguished 
from  each  other  iu  the  earli- 
est stages  of  development 
within  the  rcfl  hlood-cell, 
imd  also  from  the  ixhizonts. 
at  first  through  the  j»t*C"bar 
gtntctun*  of  the  nucleus  auci 
later  through  that  of  the 
protoplasm.  In  a  new  in- 
foction  of  tertian  malaria  the 
ilitTerenttatirm  of  theganietei> 
l»egon  aft-er  (be  third  attack. 
The  gri>wth  take;*  place  es- 
rif*nlially  J^lower  *htm  iu  the 
case  of'  the  sehizonta.  The 
pigment  production  is  more 
abundant,  while  the  nucleus 
18  i&Tger  and  less  dense. 

The  brvie  of  anopheles 
live  chierty  in  slowly  flowing 
water.  The  eggs  of  .4  ncj/i/t' 
t'!eft  dw^iyer  retpurc  alxiut 
thirty  days  jit  2(1  25  C.  for 
the  development  of  the  in- 
sects, and  these  in  tuni  lay 
eggs  when  tweuly  days  okL 
The  pupil*  are  resistant  to 
drying,  to  coltl.  and  to  con- 
tatnination     of     the    water. 

The  mos'|uitos  fly  during  the  evening  and  nighty  hut  do  not  rise  very  high  above  the 
level  of  the  earth,  ami  do  not  go  very  far  away  from  the  phice  of  development.  Ac- 
cording to  (inisKt,  Htgtuimi.  and  Ba^tianetH,  the  itstivo-antuuuKil  parasites  will  not 
riavainn  in  ,i rini thr^tpK  ill  ji  ij^Mnop miurp  of  14-1.1'    (\,  and  gfow  oulv  slowlv  at  20     29 

uj>  lo  the  tormatfon  of  sporo- 
zoiles  in  about  seven  dnys. 

The  litemiure  concerning  malarial  parasites  is  extremely  rich.  The  results  of  the 
btest  investigations  are  given  in  the  publications  of  iiroMm,  Sthuurtinn,  Mannuhrrg^ 
NuUalL  Cetlif  Mardiiufam,  Bignami,  and  Lithe, 
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^S^ 


Fill,  54S,— eye Ji*  af  ilfvekmiufnt  of  Ptfitr4tmtmfi.  (After  Schflu- 
itlnii  nnd  LQtieJ  /,  Spt)mj((>u*»  (or  iu»^»xi»(i<^>  wjtlifn  a  i-wd  Ntawt- 
ei>rpu*'l*' ;  *^  s4'bJzoiit ;  .?,  nchl£tmi  with  miii]ert»ii!«  tiiiilcl ;  4,  M'tttK* 
off*>ay,  fmriELfttlon  of  mt*n>zolu^:  .\  nmt'n<^nn'U'  (ffinale  cf»ll> 
arlnlii^  from  a  iD«*rt>zolte;  t'u  fully  iJ*'v<*lr»p<Hi  niaemtoitiiete  after  fit- 
iraHfoa  of  tlie  knrycworije ;  -Vi,  riUenj(ra»i«*Utf>i^  <niiAle  vfU)  ariHlniir 
frLMii  H  merojcoile;  '>i,  iiiirr(itf*mi*Hf»evl»*  *yrn»unde*l  by  I^^MteocMl 
mil  mpanet^  (•ip<*rmAtoxr»fti ;  7,  fertilixatlun  of  tJbe  maeniiraiiietP : 
«,  o(Vklnel€ ;  »,  oficystB  with  ififirobJiwUi ;  to,  oOcyaH  wUb  «|>ciixj»iII«i  : 
I  /»  frwe  Bpofozolle. 
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§  18f>.  Of  thecillates  or  infusoria  oerurrinj^  wilbin  Wu^  hiiuiiui  lu^^^aii- 
isia  th**  host  kiiMwii  jind  most,  iinportaut  is  tlie  Balantidium  4ir  Para- 
mecium coll,  a  iiiiicrlhibir  aiiiiiml  00-70  /i  long,  covitihI  witbshtirt  uni- 
form i'ilia.  AMts  uidejior  end  it  luts  a  Kliurt  perisfuiim  (Fig.  r>46,  «) 
which  oj>e,iLS  iot(»  a  short  j^njHet.  Tlit^body  is  iiuirktHl 
with  pjiraHol  stripes  and  eiieh^se.s  a  he,iii-slm](ed 
chief  imclcus  (h)  and  an  ji(M'€*ssory  iiutdt^ris  and  two 
vaeuole.s.  MuUiplieatioa  takes  plaee  ]yy  division 
into  Iwo  new  iudivi^liials.  It  devebii>s  a  iiennaneut 
foini  in  the  shape  of  a  spherical  cyst  with  a  linn 
iat*mbrane. 

Bahintidiiini  coH  occnrs  very  often  iu  the  colon  of 
swine  withont  caasinfr  appan^iit  chani^es.  In  cases  of 
chronic  tliarrhtea  in  laan  it  hns  l^eeu  foniid  in  the  de- 
jeefi(nis  and  in  Ihi^  cuhni,  and  probahly  stands  in 
eansal  rehdion  to  the  inleslinal  catarrlL  At^eoriling 
to  investigations  by  SolowjVw,  Askanazy,  Klimcnko, 
and  others  the  balaididia  may  penetrate  into  the  njii- 
ccKSjiund  snl>iancos4i  of  I  be  intestine  and  caasc^  there 
ulcers.     They  may  also  wander  into  the  blood vesstds. 

Other  species  of  dilates  have  been  ob»er\^ef!  in  the  intefitine 
of  man,  Bauiniidium  mintitum  (Schamiinn,  1899)  and  Xykttt- 
ihrrua  /aba  (Schamtinrt).  In  the  pauneb  and  reticnlum  of  rnnii- 
iiantK.  in  which  the  celhilose  digestion  i.s  rarrierl  on,  and   in  the 

blind  intestine  of  horses^  infusoria  are  univcrvnjly  prewnt  and  occur  in  enormous 
miml>ers,  for  example,  Isotricha  prostofna.  EntotUnium  cawiatum,  Ophryoscoli^x  caiidaiuBf 
and  otbi^r*; 


ium  {iMxramacium) 
vitU^  wtlh  two  eontnirv 

Cliius.)  (1,  Mouth  1  Ik 
niuvleuii:  r.  Iiirlitdeil 
iiianb  pmlnH;  d,  for- 
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II.  Vermes  (Worms). 

A.  Platyhelminthes  (Flat- Worms.) 
i.   Trematoda,  Sucking   Worms. 

§  190.  The  Trematodes  or  mcMng-worms  are  flat- worms  of  tongae  or 
leaf  shape.  They  possess  a  clinging  apparatus  in  the  form  of  ventral 
sucking-cups  of  varying  number,  and  are  sometimes  furnished  with  hooks 
or  clasp-like  horny  projections.  The  intestinal  canal  is  without  an  anus, 
and  is  usually  forked.  The  development  takes  place  either  by  the  direct 
growth  to  niatnrity  of  the  embryos  {miraeidium)  hatching  from  the  eggs, 
or  by  the  method  of  alternate  generation  through  the  formatimi  of  germs 
inthin  the  hod.  The  miracidium,  or  ciliated  embryo,  i)enetrate8  into  a 
snail  or  mussel,  and  there  grows  into  a  genn-sac  (sporocyst),  within  which 
there  later  develops,  either  dii-ectly  or  after  the  formation  of  an  inter- 
mediate generation  of  germ-sacs  (redice),  a  swarming  generation  of  cer- 
carice,  which  are  provided  with  rudder-like  tails.  These  lose  their  tails 
and  penetrate  into  a  new  host  (mollusks,  arthropods,  fish,  amphibia), 
become  encapsulated,  and  attain  sexual  maturity  as  soon  as  they  re^ch 
the  final  host.  The  germ-sacs  which  produce  cercariae  are  designated 
primary  germ-sacs  ('*^7«m^^") ;  if  they  first  form  rediie  and  then  cer- 
cariae,  they  are  called  secondary  germ -sacs  (^'  Grossammeii "). 

Distoma  hepaticum,  or  liver-fluke,  is  a  leaf -shaped  sucking- worm 
about  28  mm.  long  and  12  mm.  broad  (Fig.  547).  The  cephalic  end 
projects  like  a  beak,  and  bears  a  snmll  sucking-cup,  in  which  the  mouth 
is  placed.  Close  b(»hindthis,  on  the  ventral  surface,  is  a  second  sucking- 
cup,  and  between  the  two  lies  the  sexual  orifice. 

The  uterus  consists  of  a  convoluted,  globular  sac  behind  the  posterior 
sucking-cnp.  On  each  side  of  the  hinder  part  of  the  body  lie  the  yolk- 
sacs,  and  between  the  same  are  found  the  testicular  canals,  which  branch 
many  times.  The  forked  intestinal  ti-act  (not  visible  in  Fig.  547)  is 
repeatedly  branched. 

The  eggs  (Fig.  548)  are  oval,  0.13  mm.  long  and  0.08  mm.  broad.  In 
water  there  develops  an  embryo,  the  miracidium   (Fig.   549,    A),   with 
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lelliilar  geriu-ballB  (a) ;  with  the  aid  of  Ita  ciUateci  covering  the  embryo 
swiiiirt  alKnit,  aod  sm^ks  out  a  new  host  from  the  family  of  moUiisks 
{Llmmtm  mmutm).  On  penetration  into  the  t>na]\  the  entaneons  layer  is 
thrown  olt^,  and  tlie  mlnirhlium,  which  potsst^sses  an  intestine,  an  exer'e- 
tion -organ  and  a  bniin-piniflion,  becomes  changed  inUy  'tinpnroeifHt  (B)^ 
in  which  tlie  intestine  and  nervous  system  atrophy,  Miiile  the  eclhdar 
germ-balls  ilevelup  fni'ther  (By  cf)  and  furin  ixavcomi  grninitton  of  germ- 

wc«,  the  rf'iUw{B,  b).  The  rtnliie  (<?),  which 
posst\^s  an  intestine  {(\  a)^  produce  then 
within  th»^  siime  host  the  cerrarlw  (/>)  from 
cells  which  are  loiKsened  fnmt  their  germ- 
matrix  {(\  h);  thest*  abajidim  ttie  host  and 
willi  (ht^  aid  of  a  rudder  like  tail  swim  abinit 
in  the  water,  \\'ith  t  tic  loss  of  Uu^r  tails  tln^y 
l>eeonie  cncj^stt^d  npt>n  almost  any  forcij^n 
biKly,  and  then  reach  their  tinal  host  (nsually 
thronj^h  the  fotid),  in  which  they  altaiii  sex- 
ual maturity*  The  sexually  mature  arnnml 
inhabits  the  biliary  t^jissages;  more  mrcly  it 
is  found  in  the  intestine  or  inferhu"  vena 
*'ava,  Tiie  liver-fluke  is  rare  in  man,  but 
common  in  ealtle  and  sheep.  Tlic  rf^snlts  of  iLs 
invasiiju,  espi-cially  wlit^ii  it  is  juvsi^nl  in 
great  nu mixers,  are  obslniclion  and  uh-erativi' 
strictures  <jf  the  t>ile-pass;ij(i*s,  formation  of 
biliary  concretions,  inflammati*in    of  the  tis- 
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8ne8  in  the  ncifjhborhood  of  the  bih*-duets,  and  hypi'rjjhtsia  of  thi*  jjcr  i- 
portal  connective  tissue  of  Uh*  livej'  w  ith  alrojihy  of  Hh"  j^hnidular  tissN<\ 
The  siiUH*  cllallp^s  are  found  in  eatlh*.      Ju  sluM'p,  ftillowin;^  a  mark*'<l  in 
vasiiUi  of  tht^  liv^-r,  llit^re  may  d4^vch*i»  a  ;^*'Ui"ral  rachexia. 

Distoma  lanceolatunt  is  only  8-9  nnu.  bm^^  and  2-2.5  nun*  l>road,  is 
hiueet-sliape<h  tind  the  cephalic  portion  is  not  espcTtally  nuirked  off 
from  the  body  (FiiJ:.  ri50). 

Tiie  skin  of  Ihi^  body  is  smooth.  Two  irrei^ruhirly  toln-d  testicles  ih) 
lie  ck>se  tjeliiud  the  ventnd  suckin*j-cup,  in  front  of  the  ovary  (o)  and 
the  uterus  (w),  the  coils  of  whicli  shine  through  the  transparent  bwly. 
The  anterior  c^nls  are  black  wnth  the  ripe  eg]^^,  the  others  are  rusty  rtnh 
The  yellowish'Avhite  yolk-ssics  (d)  lie  in  the  middle  cjf  the  latend 
margin. 

The  oval  eggs  are  0.04  mm.  long,  and  while  still  in  the  uterus  contain 
an  embryo  wiiieh  escapes  only  after  sevei'al  weeks  following  the  ejisting* 
off  of  the  i>g^^.     Its  metamorphos«^s  are  unknown, 

Distoma  lanem^hituiu  likewist^  inhabits  the  bile-pjissjiges,  but  is  very 
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raiv  ill  niaiK  It  is  of  more*  frequent  ot^cun'eure  in  sheep  unci  i'iittle. 
Wheu  present  only  in  small  nimitei'S,  it  causes  no  marked  changers;  but 
the  i>reseiiee  of  huge  nuniLiers  may  excite  inflammation  and  proirferation 
of  the  periportal  connective  tissue. 


Frc.  Vi^J'.-IH'veloiiinHnt  uf  thi^  lIvei'-lliLko.  < After  Leuokurt.*  .1.  MlmriUfum  wiUi  iferui-tnalls  (a)  t  B, 
iporocyMt  with  jivrfn-ballH  (a)  and  rwUii*  ihi  *  C  r»»dJft,  with  Inti^iliit;  Ui>  atnl  g^erm-balls  (hi ;  D,  cenjuriii 
wltti  [uoutb  (ci^,  mbdutuiiuil  sucktufc-vup  ii»K  IntaiLlue  ie),  &Da  kJuiiIs  id). 
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Distoma  spathulatum  (Fig.  551)  is  a  sucking- worm  oec^umng  in 
man  in  Japan  and  China.  It  is  10-14  mm.  hnig  and  2.5-4  oun.  brnad. 
The  eggs  are  0.027-IK03  mm.  long  and  0.015-OJns 
mm.  broad.  The  i>anisite  inhalvits  usually  the  bile 
passages  and  the  galM»laddei\  hut  may  also  gain 
apcesH  to  the  paucn^atic  dnet  (Katsnrada),  and  pass 
out  into  thti  iut(*stine.  When  ocenrnng  in  great 
numlx*i>^  (Katsnrathi  counted  4.3til  in  one  Ciise)  it 
causes  an  olistructiou  to  the  ootllow  of  the  bile,  and 
often  excites  ii  more  or  less  severe  intlanunat ion  aud 
proliferation  of  connective  tissue. 

The  i>ariusite  is  found  also  in  cuts  and  dogs 
(Katsnrada). 

Distoma  Westermanni  (Kerliert),  or  Dhtoma 
pufnmmf/e  (Baelz)  also  t^ccurs  in  Jai>au»  China,  and 
t*orea.  The  worm  is  7.5-10  mm.  hoig,  5-7.5  mm. 
broad,  egg-sba|wd,  with  slightly  tiattened  ventral 
surface.  The  oval  eggs  are  OJ)!)  mm.  long  and 
0.056  mm.  brosid.  The  internal  orgauixalion  (Fig. 
552)  rest*mbles  that  of  the  other  frematmles.  It 
occurs  in  nniii  iis  well  as  in  cats  and  dogs  (Katsu- 
rada)*  It  is  found  most  frequently  in  the  InngSp 
but  occurs  also  in  otlier  organs:  the  pleura,  br-ain, 
liver,  intestinal  wall,  peritoneiun,  orbital  cu%^ity# 
eyelid,  scrotum,  etc.  In  each  ciuse  it  occupies 
small  cavities  surrounded  by  newly  formed  con- 
nective tissue, and  oecyrs  oecasionally  in  pairs.  In 
the  lung  it  may  Im  found  also  in  the  bronchi,  the 
walls  of  which  shfvw  inHanimatory  changeii  (Katsn* 
iTida).  Its  pi-eseuce  in  the  lung  may  give  rise  to 
hiemoptoti  aud  cause  death.     The  number  of  lung- 
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flukes  iiiiiy  riiu  from  twenty  to  thirty  or  even  liigben  Healinij  of  the 
diMnise  is  possible  after  tleatii  of  the  pajiisite. 

Dtstoma  felmeum  (Uivotta)  or  I^tHtoma  mhirhum  (Wiuogradow)  is  a 
thiX,  almost  tniiisparent  suekiiig-worm,  of  from  8-10  mm.  in  leti0li  uiid 
1,5-2.5  mm.  bnnwl,  whit'h  is  presi^iit  in  the  bile-passiigeB  of  the  cat  and 
dii^,  and  in  a  few  coinitries  (Sibeiiu)  has  been  olist*rved  in  nnuL  Ar- 
enrdin^  1o  AVin<tt^rad<iNS'  it  is  the  most  eommon  par;isite  in  Tomsk, 
Askanai^y  reeently  observed  several  eases  in  Koni^sberj^.  The  S4>ni'eei* 
of  the  infeetion  were  lish  eaten  raw  (roaeh,  Lf^imHPuH  i'uUlus\ 

The  intlanimatrn-y  ]»nflifeniti(»ns  which  the  dittereiit  forms  of  distoma 
cause  in  the  liver  of  man,  as  well  as  in  animals,  may  be  folb>wed  by  tlie 
development  of  eareinoma. 

In  Distoma  haematobium  or  HUhurzia  hmnatobkt  (Fig.  55:i )  the  two 
8^*xes  are  st*parate-  The  niuuth  and  ventral  cups  lie  very  close  tog^4her 
on  the  tapering  auterh»i"  eximniity.  In  both  st^xt^s  the  sexual  openings 
lie  close  liehind  the  ventnil  suckiag-cup.     The  male  is  i:J-14  mm.  long. 
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The  botly  is  tint,  but  in  its  posterior  p^irtion  is  rolled  tojijether  ti>  form  a 
tube  (Fig,  553)  whirh  starves  iVtr  the  reception  of  the  female. 

Tin*  female  is  lli-19  mm.  lou^^  and  n(»arly  cylindrical.  The  eggs  ai*e 
an  elongated  oval  ( Fig.  554),  0,12  nnn.  long,  and  posst*ss  a  tenninal  t>r 
a  hitt^ral  spine.  Acenrding  to  nbservatious  by  Sonsino,  uo  allernati^ni  of 
gel lemt ions   occurs   in   Uie  development   of  Difdoma  hwtimMnuin,     The 
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part  of  intermediate  host  is  taken  by  small  Crustacea,. into  whicli  the 
ciliated  embryo,  swimming  around  in  water,  bores  its  way  to  become 
encapsulated  in  the  tissues  of  its  host.  It  is  therefore  probable  that  the 
infection  may  be  transmitted  through  the  drinking  of  water  infectotl 
with  the  larvse. 

The  worms  are  found  in  the  trunk  and  branches  of  the  portal  vein,  in 
the  splenic  vein,  mesenteric  veins,  as  well  as  in  the  vessels  of  the  rectum 
and  bladder;  and  may  pass  through  the  inferior  mesenteric  vein  into  the 
hsemorrhoidal  and  vesical  veins,  the  veins  of  the  ureter  and  prostate, 
and  by  chance  into  the  inferior  vena  cava,  and  thence  into  the  lungs. 
Their  eggs  are  distributed  therefore  especially  throughout  the  mucosa 
and  submucosa  of  the  ureters,  bladder,  and  rectum,  and  occasionally  also 
in  the  liver,  lungs,  kidneys,  and  prostate.  While  still  within  the  urinary 
passages  the  cylindrical  embryos  (miracidia)  covered  with  fine  cilia  may 


Fig.  553.  Vm.  554. 

Fig.  553.— JDutfoma  hcEmatohium.    (After  Leiirkart.)    Male  and  female,  the  latter  lyiiiff  in  the  canalis 
^Qfecopbonis  of  tbe  former.    X  10. 

FiG.554.— Effffs  of  Distoma  hcematohium.    (After  Leuckart.)    n.  Egg  with  terminal  spine:  b,em 
with  lateral  spine,    x  150. 

develop.  Kartulis  found  tlit^in  also  in  the  skin  of  the  leg  and  foot,  and 
is  of  the  opinion  that  the  infection  may  take  place  not  only  through  the 
intestine,  but  also  through  the  skin. 

The  deposit  of  eggs  causes  severe  intiamniations  which  lead  in  i)art  to 
tissue-destruction  and  in  part  to  proliferations  of  the  tissue,  which  ap- 
pear in  the  mucous  nieiubranes  as  papillary  and  polypoid  formations.  In 
the  bladder  it  may  lead  to  incrustations  and  formation  of  concn*tions, 
and  also  to  the  development  of  fistulous  tracts.  Jn  the  liver  the  process 
leads  to  a  connective-tissue  induration.  Following  the  infiammatorv 
process,  a  d(*velopnient  of  carcinoma  may  take  place  in  the  bladder, 
s(»niinal  vesicles,  prostate,  and  in  the  skin  (Kartulis). 

The  parasite  is  found  along  the  entire  cjistern  coast  of  Africa,  and 
also  in  Zanzibar,  Tunis,  Lake  Nytussii,  in  Bey  rout,  and  in  Sicily.  It  is 
most  coniinon  in  Egypt,  where  about  twenty-fivr  per  cent,  of  the  native 
po])ulation  suiTer  from  the  disease*. 
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2,   Centoda  {Tapewonn^). 

§  191.  The  tapeworms  areflat-wanns  detmd  of  mouth  or  intesiiney  which 
increase  after  the  method  of  alternate  generation  through  the  germination 
of  a  i)ear-shaped  primary  hejid  or  scolex,  and  remain  united  to  the  latter 
for  a  long  time  as  a  (usually)  long,  band-shapcil  colony.  The  single 
segments  of  this  colony,  the  sexually  active  individuals,  or  proglottides, 
increase  in  size  the  more  widely  they  become  separated  from  their  ])lace 
of  origin  by  the  formation  of  new  members,  but  outside  of  this  are  d(»- 
void  of  any  outward  distinguishing  peculiarit5\  The  pear-shaped  head 
or  scolex,  on  the  other  hand,  is  provided  with  from  two  to  four  suckei-s, 
and  usually  also  with  curved  claw-like  hooks.  With  the  aid  of  thest* 
clinging  organs  the  tapeworms  fasten  themselves  to  the  intestinal  wall 
of  their  host,  which  appears  to  be  invariably  one  of  the  vertebrate  ani- 
mals. The  scolices  develop  from  a  round  embryo  having  four  to  six 
hooks,  and  are  found  as  the  so-called  *^nn»asles''  in  the  most  divei*S4M>r- 
gans,  chiefly  the  i)arenchymatous  ones,  from  which  they  later  pass  by  a 
passive  mignition  into  the  intestine  of  their  futui*e  host. 

T\\^.tapnconnH  occurring  as  jyaranlt en  in  tiian  belong  to  diflferent  families 
•   the  Tceniadw  and  the  JMhrioccphaiidw,     The  fiinst  occur  in  man  eitlu^r 
as  "measles"  or  as  tai)eworms,  tin*,  latter  only  as  tapeworms. 
415 
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g  102.  Taenia  s»olium  in  itj^  fully  (i*'\ I'loixnl  eooditioii  possesisa^  a 
length  of  2-'A  iui*trt\s.  The  licnid  (Fig.  '"»r»a)  i.s  of  the  size  of  a  sniall  piu- 
hvdd,  is  splierirtil  in  ft*iiii,  with  mthfr  prominent  suekingeups.  The 
ri'owji  vi'  tlie  head  is  not  in  frequently  pigmented  and  lM*ars  a  fairly  iarge 
ri»stellnm  witb  alnnit  Iwenty-six  plump,  elose  h<tc»kh^t,s  having  tihort  root- 
prtj(:ess*^s  F*.llowii>^  the  head  there  is  a  thread-like  iieek  of  about  aa 
ini'h  in  h*ngth.  At  a  eertain  dintanee  from  the  head  st*^ mentation  l>egiii8, 
the  first  s(*tfments  In^jig  very  short,  lint  tht^ir  length  inereases  with  their 
distanee  from  the  head  (Fig,  550);  they  l>eeome  quadratic  and  tinally 
longer  than  hrnatL    Tfie  mat  ure  segments  appeiu*  about  KiO  em.  behind  the 


:% 


¥ta.  Tvuu  Fio.  rm,  Fia  i»7. 

Ftei.  5G5w=Heini  of  Ttrnhi  w ilium  with  protrudtng^  rD»tetluiD  Iwimilne.  LcU^am^.     >  50. 
Fir*.  fiTMl.— Hulf-ileveldiK'ij  jiii'l  hiUy  jntttiin*«l  M-*fm*»iits-    NttlumJ  sim\    I  After  l^euclrJirL^ 


head,  although  the  H<*xnal  iu-gann  are  fully  developed  in  earlier  segments. 
Tlie  ripe  H£*gnients  (Fi^.  557)  are,  when  streteheil  out,  9—10  mm.  long, 
tuui  t>-7  nun.  bntad,  and  liave  rounded  corners.  The  sc^xual  opening  is 
situated  Inlerally  Just  lM?hind  the  luiddh.-  of  the  segment.  The  uterus, 
whieh  is  filled  with  eggs,  possi^sses  seven  to  ten  lateral  hranehes  which 
;ue  si^ painted  frt>in  each  other  by  a  wide  interval,  and  break  up  into  n 
varying  nnniber  of  bonglis  branching  like  a  tree. 

The  ]iarenchynia  of  the  body  of  nuitnre  ns  well  as  of  imniatiu-e  pi^glol 
thlPH,  or  t;»iwwonii  w^gments  (Fig.  55S),  isdividt^il  into  two  chief  layers, 
the  centrtd  one  bciug  d**siguattKl  the  middle  hiyer,  the  peripheral  one  as 
thec<n'iieal  layer.  The  middle  layer  c<udaius  the  s**xnal  apjiiu*atus  (Fig* 
558,  i\  *?,  f\  J\  g,  h,  V,  l\  K  m,  n),  as  well  a^  the  water  vjLseiilar  system  {a), 
au  excretory  apiJaratus  which  traverses  the  wliole  tapewonu  fnan  the 
liead  to  the  last  s*^gnn*nt  in  the  for  in  of  two  canals  lying  in  the  lateral 
border  i>f  the  middle  layer.  The  cainils  ai-e  counectetl  with  eacii  other  at 
the  posterior  end  of  ea4'h  segment  {a')  and  sdso  send  out  numerous  fine, 
subdividing  branches  into  the  body- pare nehy ma. 
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Tifi.  515?*,— S<»imwnt  of  Tn-nift  mtUum  with  fully  developed 
sexual  appAratus.  (Afti*r  i*iirutner,)  A^  Huriatx  vlfw  of 
segment;  II,  htmii-r  nl  twxt  imierliir  st'iniM*Ht;  *',  \lmt  of 
(text  iMj5ikn'lur!ii*j«7iit'ai;  ih  h^ugilwUiuil  t-nvrt'Uify  ininkiai, 

It^tirdlur  v*i«lt'lfs;  ff,   »eiiilQjil  ilucl!*;   *,  tiw  <lift>ri*ns:    /, 

viiiriuu:  h^  uvuriuin;  ^  albiiiiilD-irluutl ;  uh  ^i^ll-gltitaU  and 
OYlilurt  in  front  uf  stiiut* ;  ri,  uterus. 


The  sn'.nfff/  (tpparttfm  consists  of  male  and  female  sexual  organs,  which 
lie  elosf^  t«>gether.  A  mimber  uf  small,  clear  vesicles  serve  as  testicles 
I  r),  tlwy  lie  chieHy  iu  the  anterior  portion  of  the  middle  layer  The  vas 
ileferens  {e),  which  is*  con- 
nected with  the  testicles  by 
the  Keniinal  ducts  (d),  emp- 
ties into  a  ^no(i\'rd  ]>apilla 
Mtiiated  on  the  lat^^ral  bijrder 
(h).  The  culled  end  (/  f/) 
lies  in  a  miij^cular  ba^^  and 
may  be  protruthnl  through 
tlie  sexual  opening  ( firms). 
The  female  sexual  opening 
lies  close  behind  tho  male 
orifice  in  the  same  sexual 
cloaca.  The  vagi na  (/ )  leacJs 
I  lumi^  to  the  posterior  I  mrder 
ui'  the  segment.  IJeforc  this 
is  reached  it  widens  into  the 
seniinal  Acsiclc,  and  behind 
I  Ids  into  the  tViictityiiig  can- 
id  and  the  so  railed  **  globular  body."*  Tlu^  germ -preparing  cngans, 
which  must  be  sought  in  tlie  immature  st^gnients,  consist  of  a  double  ovary 
(A')  and  a  single  aihundn-gland  (/) ;  these  are  sac-like  or  tubular  organs 
lying  in  the  posterior  pt»rtion  of  tht*  s<^gmeiitand  conimnniealing  with  the 
ghrbular  body.  Tlu^  hitler  is  joinrd  to  Ihe  anteriorly  lo<Mited  uterus  {n), 
which  at  the  time  of  si^xnal  maturity  forms  a  straight  canaL  When  the 
rggs  enter  the  lit ei'us  from  the  globular  body,  in  which  they  ]jass  their 
tii'st  stage  of  development,  the  above  incntiout^d  lateral  liranehes  sprout 
unt  and  bcM^omc  tided  with  eggs.  During  this  process  the  remaining  sex* 
ual  organs  iHsappisir. 

The  CO tikml  hi t/f'r  of  thf'  prm/htiidr^  is  esst^ntially  mnsculai'  in  natui*e, 
l»nt  in  jidditioti  contains  a  larger  en- smaller  number  of  so-called  caleareous 
iKidies,  which  are  not  entirely  wanting  in  the  middle  hiyer  ;us  well.  The 
musculature  consists  of  smootli  tibres,  whit^h  tVirni  special  groups  in  the 
suckers  of  the  head.     The  sarfsK-e  of  the  tapt^worm  is  covered  with  a 

clear  cutii-le,  which  forms  Ihi*  hooks 
on  the  heads. 

The  nft/s  in  the  oimi^  are  thin- 
skinne*!,   pale  and    yellow,    nearly 
globular  ceils.     In  the  uterus  the j' 
change  into  yellow  balls  having  a 
thick*  more  or  less  opa4:pie   shell, 
covered   with  clos*»ly  set    spicules 
(Fig.  5ii^^#i).     The'latter  is  f»ften 
surronnded  by  a  sei'Oml  layer,   an 
albuHunous    envelope  (70    lindtt»cl 
by  a   inembniue;  and    in    it    there 
are  end>edded  granules  (primitive 
vitelline   mend)rane).     The  diam* 
eterof  the  eggs,  not  including  the  vitelline  membrane,  is  about  0.03  mm. 
The  thick-shelltHl  spheres  ai^  not  nndeveloped  eggs,  but  contain  an 
embryo  with    six   hooklets.     An  intrauterine  development  of  the  em- 
bryo theretVire  takes  place,  Ihi^  ri]>e  segments  ai*e  pregnant  animals. 


FlO.  .Vi!>. 


Fia,  jtji>. 


tlre  TlteUiai^iiierabriine;  d,  witlittut  prlnUtive  vlU*!- 
Hop  m**mbmnf.    (AfU^r  Letn^kart,)     X  300. 

rj(5,  fi*i(l.— Cy«itlcerrn<i  i^Uulfeiii',  with  fully  dpvi*l- 
Ofi««*t  hetid  in  Hihi^    (Affer  Leuclcurt.)    X  4. 


724 


THE    ANIMAL    PARASITES. 


1 


The  further  development  of  the  ewifrrya*  enclosed  iu  the  brownish  shells 
take-s  plsiee  ordintirily  in  a  new  htKst,  Should  they  gain  access  to  the 
stomach  of  -d,  hog,  the  egtr-^hell  is  dis84>l  vi*lI,  and  the  embryos,  thus  set 

tree,  penetmte  into  the  .stomach 
or  intestinal  waJl.  Thence  they 
pass  either  by  the  bkKxl  sti'e^ini 
or  by  an  active  m  i  g  r  a  t  i  o  n 
throu^li  the  tissues  into  this  nr 
that  organ.  Having  reached  a 
TOsting'i^lace,  the  embryos  un- 
dergo variuus  metamorphoses 
und  btH'nme  changed  inside  of 
two  or  three  months  into  a  (-[fxt 
tilled  with  sernin  (Fig.  560).  the 
inner  wall  of  which  shoots  foith 
into  a  bud  from  which  there  *U^- 
veiops  a  new  tajjeworni  ht^ad,  a 
jiwiex,  as  well  as  a  s;u*  ench:>sing 
the  same,  a  reeeptaeulum  seolwi^. 
The  (*yst  containing  a  tape- 
worm bead  is  known  as  a 
**  measle  *'  or  cysticercus  cell- 
ulosee.  Thescolices,  when  iidl> 
developed,  posst*ss  a  circle  of 
booklet  H,  snckei-s,  a  water -vas- 
cular system  and  numerous  cal- 
careous liodies  in  their  body- 
pare  Jichynja.  If  t  hey  gain  access 
to  the  Imman  stomach,  the  cyst 
is  dissiilved,  and  thei'e  develo[>s, 
th rough  the  formation  of  seg- 
ments from  the  seolex  (Avime), 
a  new  chain  of  proglottides,  a 
new  Twnm  mlinm* 

The  Taniu  ftolium  inhabits  the 
Hmall  intent rne  of  man,  and  is  ac- 
qnired  by  the  eating  of  uncooked 
pork,  since  the  **' measles'*  VH^longing  to  this  parasite  occur  almost  solely 
in  the  hog  and  in  man.  By  means  of  its  sacking-cups  and  its  circlet 
of  hooks  it  clings  tirnily  to  the  nincos4i  of  the  intestine:  the  i-emainiug 
portions  dnat  freely  in  the  bitestine*  Usually  but  a  single  parasite  is 
present  in  the  intestine,  although  the  presem-e  of  several  at  the  same 
time  is  not  rare.  Oci-asionally  as  many  as  thirty  or  forty  have  been  ob- 
served  in  one  indivitlnal.  Tliey  excite  irritation  of  the  intestinal  mu- 
cosa, colic,  and  i-etlex  disturbances  of  the  centrat  nervous  system. 

Tho  *Mnt**»sleK"  ciecur  in  tin*  tissues  of  the  hog,  s<vnietimes  singly, 
sometimos  iu  great  iu>ml>ers  (Fig.  ^iWV);  and  indi^  idual  organs,  tis.  fur 
example,  a  muscle  or  tht^  hcaH,  may  be  thickly  studded  with  tliem. 

In  man,  vyHtkrrH  occur  in  the  most  varied  tissues — the  nni8cles»  bmin. 
eyes,  skin,  etc.  In  the  meninges  and  in  the  bruin  I  he  measle  may  ap- 
pear in  the  form  of  mulbi^rry  or  grape-like  collection  of  cysts,  known  as 
cyHticerenH  nwemmuH  (Zenker),  The  cysts  are  for  the  greater  part  sterile^ 
though  some  of  them  nuiy  contain  a  seolex. 

The  importanc<M»f  tin*  nn*asle  dcytends  upon  its  bx^tion,  but  is  in  geiij 


Pifl,  561.— €>'ath'ertti  of  the  T^tnki  thulium,  in  theepl- 
eardUim  and  myocanllum  of  a  hoff. 
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eriil  slight.     Its  pre^seuee  in  the  brain  often  caunes  severe  distil rlxinees, 

but  in  other  ciwses  all  signs  of  dis**jiKe  imiy  fie  hiekin]?.  Tjocally  it  ex- 
twites  a  slifjht  iiiflaimnatiuii,  whit'li  leatl^  to  a  thickening  of  the  couneetive 
tissue  in  its  iuunediate  neighborhood.  The  cyst  may  retain  itn  vitality 
Uii'  years*  After  the  death  <jf  the  Keolex  the  eyst  eontniets  and  there  is 
deposited  within  it  a  chalky  masa  Ttie  ho<»kh*ts  are  preserved  in  this 
mass  for  a  very  long  time.  Jiifection  with  tlie  '*  measles''  follows  the  in- 
t I'od u et ion  o t  eggs  or  proglott i des  into  t \w  stun lat * h  u f  i nii 1 1 , 

Tsnia  mediocanellata  or  saginata  .snr- 
passes  the  Ta-fiiff  xoUum  not  only  in  length, 
as  it  measnres  4-7  metres  and  more,  bat  also 
in  its  l>readth  and  tliicknesw,  sts  well  as  in 
the  size  of  tin*  jtrngl  nit  ides  (Fig.  r»*;2)* 

Tlie  fwad  is  dt-void  {\f  rostellnm  and  eiixjle 
of  hooklets  (Fig.  5«i:i),  has  a  Hat  ert>wii  and 
four  large,  pi^werfnl  snekers,  whieh  ai-e  usn- 
ally  surroniided  by  a  bla(*k  border  n(  pig- 
ment 

The  t'ffgs  re^^emble  those  of  Tivnm  mlinm. 

The   fnlly  develop H*d  pregnant   ufents  (Fig. 

56 1)  has  a  large  nnnd»er  t»f  lateral  branches 

whieh   run  elosc^  tit  each   other,  and  instead 

of  branehing  dtMiilrilieady  divide  dichotoia- 

BflH  onsly.  The  sexual  opeinn^  lies  bat^k  of  the 
^H  middle  o(  ttie  lateral  torder.  The  segments 
^Bj  «liseharged  spontaneously  are  for  the  greater 
■■       part  eniiJty  of  eggs. 


:{.,^^<\^S 


''l^^^^-Vir.T 


Tui.  rAYS.  - 1\  trtUim  a  t  a  Tmn  ia  mi0nata .    f  A  ru*r  Leui  -liJirL  y    Nnttiml  ( 


Flu.  'iM. 


Fio.  503,     Hi'aiJ  of  Tttttki  miginaia,  rvtrueUxl.    BIim*Ii  plfrmcDtAtlon  In   abd  N?twwn  the  vticrkiTB. 
Uostaloed  (rlyct*rlii  pn^tmrutloti.    x  ai>. 

FlO.  5fl*,— Segroenl  of  TtienUi  miffinata.    {Afu*T  U-urkart.)    X  H. 


The  '^meiiwles**  are  found  usually  in  the  muscles  and  the  lie^rt,  moi^ 
rarely  in  the  othei'  i>rgans  of  rtfttif  ( ( [tfHfu^mm  ImHs)*  They  are  somewhat 
smaller  than  the  nieasles  found  in  p*»rk. 


726  THE    ANIMAL    PARASITES. 

The  development  follows  a  course  similar  to  that  of  Taenia  solmm. 
Malformatious  of  this  tapeworm  are  of  very  frequent  occurrence. 

The  parasite  is  acquired  by  man  through  the  eating  of  raw  beef.  It 
has  not  been  definitely  settled  whether  the  "measles''  of  this  worm  occur 
in  man,  but  some  authors  (Arndt,  Heller)  believe  that  such  an  occur- 
rence does  take  phice. 

By  means  of  its  powerful  suckers  the  parasite  is  able  to  cling  very 
firmly  to  the  intestinal  wall.  Slieda  has  observed  a  case  in  which  a 
tsBnia  15  cm.  long  had  i)enetrated  through  the  wall  of  the  duodenum  into 
the  pancreas,-  and  had  caused  tissue-necrosis  and  hsemorrhage  in  its 
neighborhood. 

T&nia  cucumerlna  or  elllptica  is  15-20  cm.  long,  and  possesses  a  head  with  ros- 
tellum  and  circle  of  hooklets.  It  is  of  very  frequent  occurrence  in  dogs  and  caU,  but  is 
rare  in  man.  Its  cysticercoid  inhabits  the  louse  and  flea  of  the  dog,  more  rarely  the 
flea  of  human  beings  (Gram). 

Taenia  nana,  a  small  tapeworm  of  from  8  to  15  mm.  in  length,  has  a  head  with 
four  suckers  and  a  circle  of  hooklets.  It  has  been  observed  chiefly  in  Egypt  and  in 
Italy.  B.  Oram  was  able  to  obtain  several  thousands  of  specimens  from  two  Sicilians 
who  had  suffered  from  severe  nervous  disturbances.  According  to  his  investigations, 
the  taenia  passes  its  entire  development,  from  the  embryo  on,  within  the  same  host. 
Visconti  (Rendiconti  H.  Istituto  Lombardo,  xviii.,  1886)  found,  at  the  autopsy  of  a 
young  man  from  northern  Italy,  great  numbers  of  Tania  nana  in  the  lower  portion  of 
the  ileum.  In  Gennany  it  has  been  observed  in  only  a  few  cases  {Mertens,  Ijeiehtengterti, 
Boder). 

Tienia  dlmlnuta  (Rud.)  or  flawpitneta  ( Weinland),  minima  (Orastfi)  is  a  tapeworm, 
20-60  mm.  long,  and  has  a  head  without  hooklets.  It  is  of  common  occurrence  in  raXs 
and  mice,  and  has  also  been  observed  in  a  few  cases  in  man.  According  to  Grasai  and 
MoDeUi,  the  measles  live  in  a  small  butterfly,  as  well  as  in  beetles. 

Von  Linstaw  has  recently  described  as  Tienia  afrlcana  a  large  tapeworm  with 
scolex  devoid  of  hooklets,  which  he  observed  among  the  negroes  of  Gterman  East  Africa. 

Besides  those  which  also  occur  in  man,  taenia;  are  of  frequent  occlirrence  in  the 
domestic  animals,  both  in  the  camivora  and  in  birds,  as  well  as  in  the  herbivora. 

Ttrnia  marrjinnta  of  the  dog  is  a  tapewomi,  1-5  m.  long,  provided  with  a  double 
circle  of  hooklets.  Its  cysticercus  forms  cysts  (ry«<w;r//«  tcnuicMUtf)  of  varying  si/e 
in  and  under  the  serous  membranes  of  sheep,  cattle,  goats,  and  hogs. 

TiPiiia  nfn-at(t  is  a  tjenia  found  in  the  doir.  It  is  50-100  (!m.  long,  and  possesses  a 
circle  of  booklets.  The  cystiecrci  {cysticercus  pisifonnis)  are  found  in  rabbits  an<l 
liarifs. 

Td'nia  canuruH  is  a  tapc\v(n*m  of  the  dog,  40-100  em.  long,  and  is  provided  with 
hooklets.  It  passes  its  cystic  stage  most  freciuently  in  sln'ep,  where  it  seeks  the  central 
nervous  system  and  f(»rms  cysts  varying  in  size  from  that  of  a  millet  seed  to  that  of  a 
hen's  egiT,  which  contain  great  numbers  of  seoliees.  Its  presence  in  tJje  brain 
{cdnnrus  renhr.dh's)  ^ives  rise  to  the  so-(!alle(l  *•  sta^^irers  "  of  shee|). 

7'(pn id  ph''fi fa  {{0-2r}  c\n.  lonir),  Di'nid  mninUlitna  {\-^  v\\\.  long),  and  Tania  perff- 
Uata  (8-5  cm.  loni;)  oc(Mir  in  horses.  Tivnia  ejpnn.vi  (t-5  m.  long)  and  TiJBiu'a  denticu- 
Idta  (25-80  cm.  Ion, ir)  are  the  common  t^ipeworms of  cattle.  Further,  still  other  forms 
of  ta-niyc  occur  more  rarely  as  parasites  in  sheep  and  cattle. 
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§  193.  The  Taenia  echlnococcus  \\\m  in  the  intestinal  canal  of  the 
dog.  It  is  4-5  nun.  long  and  possesses  only  fonr  segments,  the  most 
pasterior  of  these  surpassing  in  length  all  the  rest  put  together  (Pig. 

The  small  hookletshave  coarse  root  process(\s  and  are  implanted  upon 
a  rather  bulging  rostellum.  Their  number  runs  from  about  thirty  to 
fifty. 

The  cyst- worm  (hydatid)  alone  is  found  in  man.  It  i-esults  from 
the  introduction  of  ttenia  eggs  into  the  intestinal  canal. 

If  the  embryo  wanders  from  the  intestinal  canal  into  any  organ,  it 
changes  into  a  cf/sty  which  is  not  capable  of  active  motion.  It  consists  of 
an  outer  lamelUded,  very  eLostic  cuticle  (Fig.  TyiM\,  a)  and  a  parenchyma- 
tous layer  (h)  lying  internal  to  this,  consisting  of  granular  masses  and 
cells,  and  containing  muscle-fibres  and  a  vascular  system.  Wlien  the 
cyst  has  reached  about  the  size  of  a  walnut  (sometimes  earlier),  there  are 
formed  from  the  i)arenchymatons  layer  small  bnyod-capHulcH  (c)  which 
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I  nod  lire  a  grout  niniilK*r  nf  svoiHyvt,  The  liist  stiigo  of  these  tapeworm 
lieiiUs  consists  of  eoarsely  granular  protoplasmic  ijui*sst*s  ((f)  lying  in  the 
wail  of  the  briuHl  ca|>sule;  these  devehip  further  and  Hhi»w 
cavities  (e)  coininnni«*atiiig  with  the  cavity  of  the  brood- 
capsnle»  and  later  bi^coincs  different ial*^!  into  a  tapeworm  hciwi 
(/)  fnrnisiied  with  a  circle  of  hooklets.  The  head  (h)  which 
now  protrniles  into  the  Innien  of  the  In'oott  cai>side  (</,  h)  is 
abont  iK3  mm.  Um^,  iioss(\^s(^s  a  rosUdlnm  witli  small,  plnnip 
hoitklets,  fi)iir  suckers,  a  water -va.scnlur  system,  and  nnnn^rous 
ctialky  bodies  in  its  p;irenchyunL  Frecpieutly  the  anterior 
part  of  the  body  is  telesi-oped  into  the  posterior  jnirt  (17). 

In    many  c^ses  the  echinococcus    cyst  remains  single. 

Its  only  change  consists  in  an  enlargement  to  the  size  <>f  an 

tirange  <»r  tist,  tliroii^h  the  formation  of  new  brood- caps nies 

anil  iieads.     The  surrounding  tissue  forms  a  coiniective-tissue 

capsule,    iij  whicli  the  cuticular  cyst  lies.     The  cavity  of  the 

cyst  is  hlled    with  {i  clear   thiid,    which   does   not  coagulate 

thi'ougli  boiling  or  on  the  addition  of  acids,  and  contains  none 

or  Init   little  albuun*n,   but  mi  tlu^  oJher  hand  does  contain 

H<)dium  chloride,  calciuui  oxalate,  triple  phosi>hatei>.  uric  acid, 

Fio.  565.—  sugar  (in  the  liver),  and  often  alsf>  cholesterin.     The  brood- 

Tffinfifwbim!^  cupsnles  are  always  situated  an  the  iinier  snrtace,  in  e^st^  they 

rixx?u»,     (Af-  'tin-  not  meehanicallv  tlislodged;  and  are  visible  through  the 

X  IS,  trausiiarent  iiarenchyjua  as  small  white  points.     OcciisionaUy 

the  cyst  remains  sterile. 

In  nuiuy  cas»\s  daughter^ysts  (Fig,  5*i7,  c)  are  foiined.     Their  de- 

velopmcrd  proceeds  in  the  th*ptli  of  the  cuticle  iruiepcadeutly  of  the  reail 

]>areuchymatouH  layer.     Between  two  lamella^  of  the  cuticle  there  arises 
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a  collection  of  granules,  which  surround  themselves  with  a  cuticle^  and 
thereby  l>econif^  the  centre  of  a  new  s<^t  of  layers.  As  the  iniml>er  of 
Liycrs  iucreasc*s,  the  cavity  grows  larger  and  the  contents  Ijccouie  cU*an 
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If  the  duu'jfhk^r-cystw  gmw  they  bul^e  out  the  wall  of  the  inotiier-eyst 

like  a  heniial  sac.  until  it  filially  fjives  way  and  lilierafes  its  eonterits. 
If  they  now  paiss  uutwiutl  by  the  side  of  the  ijareiit-eyst,  they  obtain  from 
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the  jiarciK'hyuia  iu  which  they  lie  an  exterual  capsuU*  of  coanective  tis- 
s^ie,  and  then  produce  brood  cai>snh*s  in  thesjiiae  manner  as  the  primary 
cysts  arihini,^  from  the  Hix-luH>ked  endjryos. 

An  echiiMHHK'cns  with  an  exugemyim  proHferatton  is  called  echinococcus 
granulosus  {Hr(ift>rq)anrnfi  KindieTmieist€*r),  or  sometimes  also  echinococ- 
cus  vcterinorum  fnmi  the  fact  that  it  is  of  fix^qnent  occuniMice  amtmi? 
tilt'  <lt»iiM*s| ic  aiiitnuls. 

A  siM'ond  comi>ourHi  form  of  the  echinoeoccus  is  the  echitiococcus 
hydattdosus.  It  is  cham+'terized  by  t!it*  pt^^sence  of  inner  tkniffhtrrci/^tH 
(Fi^.  a<H,  r),  AccordiUfi:  to  slatemeuts  made  by  Nanny u.  and  also  vnn- 
tirmed  by  Len(*k:irt,  the  sc»olices  and  brood-capsules  undeip)  a  cystic 
metamorphi*sis,  ami  so  iM^conu^  chanj^cd  into  tlan^hter-cysts  which  occa- 
sionally jmKlnce  Kniud-dau;,diter  cysts.  Through  the  I'onuutiou  of  unraer- 
ons  dan^htercysts  Ihe  chief  cyst  may  attain  a  very  larjj^e  size. 

The  iHjWthu  of  m(fn  follows  the  inj!:estion  of  the  e^^  of  the  taenia 
whicli  occui-H  iu  do^^s.  The  cysts  are  most  often  ton  ad  in  the  li\'er, 
Init  the  c('hiu<H*occus  (jccasionany  *iccu i-s  iu  the  most  diverse  organs — for 
example,  in  the  lungs,  spleen,  khlnrys,  intt'stine,  in  a  bone  or  in  the 
hi^art.  Witli  the  exce}>tiun  of  tlu*  distorbauce  of  the  tissues  from  pi'css- 
nre  and  u(  tlie  Im-al  intlanunaiion  which  it  causes  (the  latter  leading  to 
the  format  Urn  of  a  connective- tissue  capsule  iu  many  organs)  the  cyst  often 
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protliieos  no  harmful  effects  upon  the  iitTeeted  iiidi%  klual.  If  t»fteii  d\^s 
yji  attiiitiiHt::  ii  t'oiluiii  sizr  (tiiat  of  ii  walnut  to  that  of  an  apple),  thu 
fluid  is  absorhiHl,  the  ey-"^^  eoutract.s,  autl  there  remains  wUliiii  it  a  fatty, 
cheesy  detritus,  which  often  ealeilies  to  a  mortar- like  mass.  The  hunk- 
lets  are  preserved  lor  a  very  loii^  time. 

In  4ilhcr  ciises  the  echinoeoecns  beeiMues  larger,  particularly  \\  h«"U 
eudogcnnns  nr  exngi*iious  dauj^ldercysts  develop.  It  luay  Iwcrmie  dan- 
gerons  thnm^h  its  size  aKuie,  Severe  iuthuuuiatitms  are  oecii^iunally 
produci'd,  piirlic'iihirly  aftt^r  tratnua  or  after  ru]>tnri'  of  the  eyst  inhk  <hic 
of  (he  hofly-csn  ities.  Kuptnre  iuto  a  bloud-vesst^l  may  also  <teenr  ami 
lead  to  t he  uietast asis  of  cysts  and  an  embolic  blockin*;'  of  vessels,  1  a  more 
favorable  cjis^^s  rnpture  may  take  place  externally  or  iuto  the  intestines. 

The  spontjiueons  spread  nf  brnnd  (Mpsoles  and  si'uliecs  in  the  s;tme 
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luxst,  ns  well  as  the  exiKTinn'Olul  transplantaUtm  of  the  sjuue  info  another 
host  (Alexiusky,  l)r\r)  miiy  lead  to  Uie  fijiuiiditoi  iif  new  cysts. 

Ttu'  form  i>f  the  parasite  known  as  echirtiKoccus  alveolaris  (pr 
multilocularis  pit*seuts  itst!lf  as  a  hard  tumor,  situated  usually  in  the 
livei',  rar(4y  in  other  ortj^ans  (brain,  spleen,  adrenal),  and  pt>ssi*sses  an 
alveolar  strncture  (  Fi*r,  Tj^Jn),  in  that  afiiui,  dens(>  connective  tissue  mass 
eueloses  inimenins  caA  ities.  ItsS  contents  are  Irauslnceut  and  *;t*latiuous. 
m' consist  of  duid  and  a  ^elatiufuis  substaiH'e.  The  caviti<*s  are  in  part 
spherical  and  in  part  irre^^^ular  in  shape.  Usually,  throujih  tlie  sc»t"t 
euing  iiiid  disintegration  of  the  {)arenel»yiua,  ulcerativi*  cavitirs  (r)  ate 
formed.  In  other  places  the  tissue  is  hbn>case*ms,  necrotic  or  calciticil.  «»r 
is  impregnated  with  Idle.  At  times  tlie  castration  of  tlie  jirohfe rating  tis- 
sue is  Jlic  most  projuinent  feature  of  the  pnu'c^-s;  at  otlier  times  the  alve- 
olar structure.  When  the  develnpmi'nl  of  the  colonies  hits  progresye<l 
further,  there  a]>tM'ar  rn  the  tissue  gray  anil  yellowish  muhdes  (th  in  which 
cavities  containing  colloid  plugs  {chit in  cysts  and  coils)  are  de^eloJR'<l 
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The  exquisite  alveolar  structui*e  has  given  rise  to  the  theory  that  this 
form  of  echiuococcus  is  an  alveolar,  colloid-containing  tumor  of  the  liver. 
Virchow  first  recognized  the  true  nature  of  the  condition,  and  demon- 
strated that  the  so-called  colloid  masses  were  echinococcus  cysts. 

According  to  the  investigations  of  Melnikow-Riiswedenkow  the  alve- 
olar echinococcus  is  to  be  regarded  as  adififerent  species,  which  increases 
in  the  tissue  of  the  host  in  a  peculiar  manner,  suggesting  the  moile  of 
development  of  the  Trematodes;  and  in  many  cases  spreads  by  both 
hsBmatogenous  and  lymi)hogenous  metastases  from  the  primary  focus  of 
development  to  other  organs  (lymph-glands,  lungs,  brain). 

Should  the  alveolar  echinococcus  occurring  in  any  organ,  as,  for  ex- 
ample, in  the  liver,  encroach  upon  the  neighboring  tissues,  there  are 
found  in  the  latter  finely  granular  multinucleated  protoplasmic  struct- 
ures surrounded  by  gi*anulation  tissue.  Later  small  chitinous  cysts 
develop  or  a  folded  membmue  studded  with  granular  masses,  while  the 
granulation  tissue  becomes  changed  into  fibious  connective  tissue.  The 
majority  of  the  cysts  remain  sterile.  Scolices  develop  only  in  a  f(»w. 
Ovoid  granular  structures  with  a  thin  membrane  may  l>e  formed  and  are 
regarded  by  Melnikow  as  embryos.  The  chitinoiLs  membranes  which  lie 
in  the  granulation  tissue  are  often  surroimded  by  giant-cells. 

The  life-history  of  the  alveolar  echinococcus  outside  of  the  paren- 
chyma of  the  organ  is  unknown;  the  feeding  to  dogs  luis  given  no  posi- 
tive results.  It  appears  that  the  embryos  and  scolice^s  of  the  same  are  not 
capable  of  development  in  the  intestine  of  the  dog. 

The  ordinary  echinococcus  is  widely  distributed,  though  not  very 
common.  It  is  of  most  frequent  occurrence  in  Iceland,  where  the  inhabi- 
tants live  in  very  close  association  with  dogs.  The  alveolar  echinococcus 
has  been  observed  chiefly  in  Switzerland,  South  Germany,  Austria,  and 
in  Russia. 
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^  19  L  Bothrlocephalus  latus  (HitMiistry 
or  pitliead  isthr  most  toniii(l*ible  tii|>ewi»rm 
of  Jiiuo,  Hn^iismin^^  t'nnn  Ti-S  iiM4it*s  in  length, 
and  tHjusistiii^  of  ibivi*  llumsimfi  to  four 
thoiisiiiHl  shorl  but  hr<«Hl  M^;:iuriitH  ( Fi^. 
5^0)^  \vlii(*!i  iu**  Irroadi^st  in  tJit*  luiddle  region 
nhd  riitirtnvi'r  iij^aiu  at  tljt*  end.  The  length 
of  tin*  1ar^^♦^*^t  st^j^iuriil  is  ahout  3.5  mm.,  the 
liieadllt  ahoiit  10-12  luiu. 

The'   hrad  (Fig.    r»7ro  has  a  loug  oval  or 
diib  slia]H%  is  about  2. a  unii,  b>iig  and  1  nmu 
broad.     It   is  soiiu^whai    llatteiied,    and    pos- 
sesses on  eaeli  lateral  margin  a  slit -like  de* 
pre88!i>in  and  is  montded  upon  a  lilifonu  neck. 
Tlii^   bndy    is    thin    and    flat 
tike  a  labhon,  with  the  exception 
of  tht*  central  parls  of  the  seg- 
ruents  wliieh    proje<*t  sijniewhat 
outward.     At  this  spot  the  uter- 
us is  found,   in  the  sha|H^  of  a 
single    eansd,     whieh     fornm    a 
nniiiber  of  eoils  (Fig.    571,  m), 
W'lien   ttie  eggs  eolleet   liere  in 
gr«*at   nnndjei-s  the  hitenil  eoibi 
of  llie  nterns  arrange  thenLSolves 
in  fohls  so  that   a  remarkable 
rost^tedike  appeaniuee    is  pro^ 
dueed,     Tbe  sexual  oiK*nings  lie 
in  the  middle  line  of  the  ventral 
sni-faee,    near    to    the    anterior 
t)ortk*r  of  the  st»gment>  the  fe- 
male orifiee  (o)  iH^iug  vhtsi-  btdiiiid  tlir  mule  opening  (/). 

The  oviuy  (//)  Is  a  thiuble  (ugan  which  lies  in  the  luiddle  layer;  the 
ytdk-chanibers  (h),  on  the  other  hand,  are  located  in  the  cortical  hiyer. 
Tile  sliell  gland  (k)  lies  ludiind  the  ecdieeting-tulH^  (t)  of  the  yolk-chani- 
l»ei"s.  The  t<*sticles  <'onsisl  of  clear  vesicles  ih)  which  lie  in  the  lateral 
portions  I d^  the  tuiddlc  layer,  ami  comuniiiicate  by  means  of  Ittie  canub 
(c)  with  the  \  as  deferens  (tJK  wbi^di  lerminates  in  the  cirrns-sac  (j\f). 
The  f'fjffs  (Fig.  r)72 )  are  tnal,  and  art*  about  0Jt7  nnn.  long  and  (L045 
mm.  broad.  I'liey  are  surr*mnd(Ml  by  a  thin,  brown  shell,  the  anterior 
pole  of  whieli  forms  ;i  slmj^iily  tud lined  cat>dike  eovei\ 
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no.  n^fO, 


art,)    Katuml  ^Izo, 

fm.    5T0,  -  Hi.ju!   of    liftthriftefithnJuM   hiiu/*   of 
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Tne  BtdhriocfphdiiiH  hftiiH  occurs  chiefly  in  SwitztM'lsmel,  in  llie  inirtli- 
etusteni  parts  of  Europe,  iu  Holtaiicl  and  in  Japan,  and  livrs,  ^i8  tloen  tlie 


-^.: 


U^^SMJ^jsf  lei. 


_^-.v,^^.,V^.__^ 


i-s^ 


ii^^ 


■^f. 
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Fi«.  riri.—M<?dlaa  portion  of  a  profrlottis  of  Bfdhri*^c^phalu§  latuf^  men  from  the  dorsal  8iirfm'<*.  The 
oorticui  Ittyfr  of  the  m^imnl  liiis  bttm  nMiioviMi  exif^pt  a  Imrrter  iiii  tilth  side,  »riil  Hm*  iitliUJh^  luvf  r  ihus  vx- 
pomiti.  { A  fUT  *iiiiFi]iT. }  <i,  Lati^ml  vesmMfi :  h^  l**»n<'ijliir  VMNirlew :  i\  ti<«:Li{'iiiliu-  riiimtl^nili :  <l,  scrninul  dur(s ; 
r,  fHwterior,  /.  Hhifrlor  bnjlow-mu!u4i^  flppanitus  (nMrruiwtii'y  of  vhj*  (Ifft^rensy ;  t/,  i^vary:  /*,  vt»lk^  hai!il>fre 
ttlnjr  'n  tbe  i^irtlwil  urea:  i,  colU^ llnif-durt  of  yolK-«tAlk,  bramhi^^  of  wlilrh  li*afl  %enimlh  lo  ilatf  yolt- 
rlmiiilM^rK :  A,  sheli-ifliiiKl ;  L  be«rlnrilng  of  the  iileru&;  m,  loop  of  ytpnis  Qltixl  %vilti  t*sgs,  tti«  oriniv  mf 
uterui*  opening  on  tijc  unUTlar  siirfajv;  71,  va^rliia;  *\  vaginal  otieolngr.    X  UTj, 


,.«inn:!':rf!f,7.7/,-.,. 
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Tipuia,  in  the  small  iiiteKtine  of  num.     According  to  Bollinger  it  in  rather 

rrctjucnt  in  IVrnnich.     T[ie  lirst  staj^e  of  development  of  tliti  eg^s  takt's 

[dace  in  waler.     After  the  hjpse  of  inonlhs  Mieie  dt-velops  an  einVM'vo 

(  (htrosphtrnt)  armed  with  six  hooklets  and  covered  willi  eilia^  (Fig,  Tu'A). 

Tills  develops,  in  some  intermediate  host  as  yel  nnknmvn,  into  a  measle 

(Ph'rorrrmi(t),    wliich,    accoixliiig    to  the 

investigations  of  IJiann   in   the  Kussian 

Baltic  pro\inces,   S4'<^ks  out  us  second  in- 

ternu^diate  host  tlie  pike  or  tadpole,   and 

develops  in  thi^  mnscie  or  internal  organs 

of  thcst'  unimals  into  a  si^xlcss  tai>pwonn. 

Aeeiniling  to  (irassi  and  ranma,  the  un^a- 

sle  of  liut  tirioct'phidns 

hUus   in    Italy  iKH'iirs 

in  the  i*ike  and  in  the 

river- prJ"*"h.    In  Japan 

it  is  found   nn>st.  fre- 

(pirntly  in  tin-  Oftrhn- 

/ it  tftt t  h  its  Pe t ' I \ifi  {  I  j  i  n i ; t , 

ljt*nckart ).    Zsrhokkc 

fianid  it  in  tht*  Lake 

nf  ti(Mi('va    in  Ihr  fol- 

hjwiiig  forms  nf   fish : 


.>^ 


Fig.  5Ti 


biivlnif  bei*n  fmptfiHl  uf  iis  ytiLk-conteDts.     ( AfUT  UmckartJ 

Fm.  r»7:j.    Fr*'»^  »'niifrvo  uf  BiAhrUtccphahtM  laftt^  with  dI1«U*d  co- 
vi']«i|M*.     (  Uti  r  L^'iufcttrt,! 
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ImUi  ndf/anH,  IWva  flunatUiH^  Stilmo  vmhkf,  Ehox  Incius,  Tnitta  I'ulgan's, 
jiiid  Trutia  UtcuHtriit,  It  is  found  most  often  in  the  tadpole  {Lota  vui- 
f/ariH)imil  ill  the  perch  {Perca  fluviatiliH).  Should  the  measle  gain  en- 
trance, throujch  the  ingestion  of  the  lish  mentioned,  into  the  intestinal 
canal  of  man,  it  again  attains  sexual  maturity.  According  to  Braun 
and  Parona  the  measles  may  also  be  brought  to  develoi)raent  in  both 
dogs  and  cats.  The  pi-ejsence  of  Bothriocephalus  in  the  intestine  gives 
rise  to  a  gradually  increiising  amemia,  which  resembles  pernicious 
auiemia.  The  diminution  of  the  red  blood-cells  and  of  the  haemo- 
globin content  of  the  blood  is  probably  due  to  the  fac^t  that  after  the 
cleat h  of  the  tai)eworm  poisonous  products  arise  having  an  injurious 
action  ujion  the  blood  corpuscles. 

Bothriocephalus  cordatus  (Lcmckart)  is  a  tapeworm,  of  80-115  cm.  long,  and  has 
a  heart-shajHMl  head,  whose  sucking-grooves  are  flattened.  The  breadth  of  the  ripe 
segments  is  about  7-S  mm. :  the  length,  about  3-4  mm.  In  Greenland  and  Iceland  it  is 
a  frequent  pamsite  of  the  dog,  seal,  and  walrus,  and  is  found  occasionally  in  man.  The 
measles  likewise  occur  in  fishes. 

liothrHfCA'phnluH  Man*oni  (Cobbold)  or  UguUndes  (I^uckart)  is  the measle  (plerocercoid) 
of  a  tapeworm  which  has  been  observed  a  few  times  (Manson.  Ijima,  Murata)  in  the 
body-tissues  and  in  the  descending  urinary  passages  or  in  the  urine.  Its  origin  is  not 
known. 

Bothrioceptmlua  felu,  which  occurs  in  cats,  is  very  similar  to  the  Bothriocephalus 
latus. 

BftthrufcephalHs  latus  occurs  also  in  dogs.  In  the  United  States  this  worm  is  found 
occasionally  in  individuals  who  have  come  from  the  various  infected  regions  of  Europe. 
In  the  mining  regions  of  Northern  Michigan  it  has  been  found  a  numbiT  of  times  in 
Finns. 
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J>.  Xkmathelmintiiks  (Round  Worms). 

§  1  <).").  All  the  round  worms  which  occur -is  panisites  beloDg  to  the 
Nematoda.  They  i)()s.s(*ss  a  slender,  cyliiKlrical,  elongated,  at  times 
liliform  body  without  segmeiit.s  or  appendages.  The  cuticle  is  thick  and 
elastic.     The  mouth  opening  is  found  at  one  extremity,  and  is  providecl 
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sometimes  with  soft  and  sometimes 
with  hom-like  lips.  The  elongated  in- 
testine, together  with  the  pharynx  and 
ehyle-stomach,  extends  through  the  en- 
tire body-cavity  (Fig.  674)  and  opens 
upon  the  ventral  surface  a  short  dis- 
tance from  the  (usually)  awl-shaped 
posterior  extremity.  Tlie  sexual  or- 
gans and  their  openings  are  also  found 
on  the  ventral  surface.  The  female 
sexual  orifice  is  located  at  about  the 
middle  of  the  body,  less  frequently 
near  the  anterior  or  posterior  extremity 
(Fig.  574,  A,  a).  In  the  male  the  sex- 
ual opening  and  the  anus  are  located 
together  (^,  c).  The  chitiuous  cover- 
ing of  the  lower  gut  forms  in  the  male 
the  means  of  clinging  during  the  act 
of  copulation.  The  males  are  usually 
smallel*  than  the  females.  The  de- 
velopment is  direct,  and  the  metamor- 
phoses are  not  striking.  The  nema- 
todes occurring  in  man  are  in  part- 
harmless  parasites  of  the  intestine,  and 
in  part,  very  dangerous,  sometimes  even 
fatal,  parasites  of  various  organs. 

g  19<».  Ascaris  lumbricoides*  the 
common  round-worm  (Fig.  574)  is  a 
light-brown  or  reddish,  cylindrical 
worm  with  t^ipering  ends.  The  female 
(A)  is  25—40  cm.  long,  the  male  (J5)  is 
much  smaller,  and  tlie  posterior  ex- 
tremity of  the  latter  is  bent  in  the 
form  of  a  hook  and  provided  with  two 
spicules  {c)  or  chitin  processes. 

The  mouth  opening  (6)  is  sur- 
rounded by  tlin^e  muscular  lips  bearing 
tine  teeth.  The  female  sexual  opening 
(A,  a)  lies  anterior  to  the  middle  of 
the  body.  The  eggs  which  the  mature 
female  contains  in  enormous  numbers 
possess  in  their  fully  developed  con- 
dition a  double  shell  (Fig.  575)  and 
around  this  an  albuminous  envelope. 
They  are  about  50-70  fi  in  length.  The 
worm  inhabits  the  entire  intestinal 
tract,  but  most  freciuently  the  small  in- 
testine. It  is  the  most  common  par- 
asite of  man,  and  is  found  frequently 
in  very  great  numbers.  When  mature 
females  are  present  the  faeces  contain 
the  eggs  in  great  numbers.  These  are 
very  i*esistant  to  external  influences, 
for  example,  to  drying  and  freezing. 


Fit}.    574.  —  Awaris    lumbrScoides. 

(After   Perls.)  A^  Female:   il,  male. 

Natural  size.  At  a  Istbe  female  sex- 
ual oriHce ;  r«  tbe  two  spicules  of  the  male ;  h, 
the  (enlarjred)  cephalic  end  with  the  three  lips. 

Fig.  'uii,^T4ig  of  Afwarii*  lumhricoUhx^ 
with  shfMl  and  albumimuis  coverlnff.  (After 
Leuckart.)     x  300. 
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The  eggs  require  no  intermediate  host  (Lutz,  Leuckart,  Grassi,  Ep- 
stein). Man  is  infected  by  the  ingestion  of  eggs  which  have  been 
expelled  from  the  bowel  and  have  matured  in  the  faeces.  According  to 
feeding-experiments  which  Epstein  carried  out  on  human  beings  with 
eggs  which  had  been  cultivated  in  damp  fseces  for  a  long  time,  the  round- 
worm attains  its  maturity  in  from  ten  to  twelve  weeks  ^ter  the  ingestion 
of  the  eggs.  At  this  time  the  male  is  13-15  cm.  long,  and  the  female 
from  20-30  cm.  Their  presence  in  the  intestine  does  not  cause  any  no- 
ticeable disturbance.  Only  when  present  in  large  numbers  do  they  some- 
times, especially  in  children,  cause  intestinal  catarrh,  vomiting,  nervous 
disturbances  and  convulsions.  Occasionally  the  worm  crawls  into  normal 
and  pathological  openings  in  the  wall  of  the  intestinal  canal,  and  in  this 
way  causes  trouble.  Thus,  when  it  crawls  into  the  ductus  choledochus, 
it  may  produce  bile-stasis.  If  it  penetrates  through  an  ulcer  into  the 
peritoneal  cavity  or  into  a  hernial  sac,  it  may  excite  inflammation  of 
the  tissues  concerned.  According  to  Leuckart  it  may  also  penetrate  the 
uninjured  intestinal  wall.  It  is  very  frequently  passed  with  the  stools 
per  anuniy  but  at  times  per  os  in  vomiting.  From  the  pharynx  it  may 
wander  into  the  larynx. 

In  the  domestic  animals  ascaridcs  are  of  frequent  occurrence.  AacaHs  luwOrt- 
coides  is  found  in  swine  {Ascaris  suilla)  and  in  cattle  (Ascaris  vitnli).  Aacaris  megale- 
cephala,  a  round  worm  whose  female  is  18-37  cm.  long,  is  a  common  parasite  of  the 
horse  and  donkey.  Aacaris  myatax,  whose  female  reaches  a  length  of  12  cm.,  is  found 
frequently  in  dogs  and  cats,  and  has  also  been  observed  in  man.  Various  species,  des- 
ignated as  Heterakta,  occur  in  birds.  HeteraJcia  maeuloaa,  the  round  worm  of  pigeons, 
may  cause  the  death  of  the  pigeon  when  occurring  in  large  numbers  within  its  intestine. 
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Peiper:  'I'liierisclH'  Parasiten.     Lrgelni.  d.  jillg.  Path.,  iii.,  1897,  u.  vii..  10(V2  (Lit.  •. 
Saltykow:  Asearidosis  liepatis.     Zeitschr.  f.  lleilk.,  xxi.,  1900. 

S  197.  Oxyuris  vermicularis,  aid-taU,  pimvorm,  or  thrcadiconn  is  a 
small  round  worm  (Fig.  57(0,  the  female  being  about  10  mm.  long  (a,  b) 
and  pointed  at  the  caudal  extremity  like  an  awl,  while  the  mnle  is  about 
4  mm.  long  (r)  with  a  blunt  posterior  (Mid,  the  anus  being  provided  with 
a  spieulum. 

The  eggs  (577,  (f),  whieh  the  body  of  the  fc^nale  often  eoiitains  in 
very  great  numbers,  are  50  //  long  and  24  //.  broad,  have  a  tiat  and  a 
curved  surfaces  and  a  slu^ll  which  is  covered  by  a  thin  albuminous  layer, 
Oxijuris  vmninilariH  inhabits  the  large  intestine  and  the  lower  portion  of 
the  small  intestine.  According  to  Zenker  and  Heller  only  the  impreg- 
nated mature  females  are  found  in  the  large  intestine,  the  young  individ- 
uals and  the  males  remain  in  the  small  intestine.  They  occur  very  fre- 
quently in  larger  or  smaller  numb(M's.  At  night  they  often  wander  from 
the  rectum  over  the  anal  region,  and  may  enter  the  vagina;  they  excite 
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itc'hiii^^  <if  iLl^  affefttnl  piiHs.  Tii  tLe 
pt^lvjc  jH^ritonenui  i^neapsulated  worms  or 
(>^^s  have  btt^ii  observed  a  mimlM^of  liiims. 
It  has  not  yet  beeu  determined  whether 
tliey  €an  peiielrate  the  intestinal  wall 
(Vuilh^inin).  Wag:ener  found  dead  and 
calcified  worms  in  the  submneosa  of  the 
intestine. 

For  the  de\elo|)meat  of  the  e^gs  {Fi^^ 
577,  a-e),  it  is  neeessiuy  after  their  exjmb 
sion  with  the  fan-es  that  they  a^ain  be 
taken  into  the  stouia<*h  of  man  or  iK^sist. 
It  is  very  prubalile  that  the  original  host 
may  again  in  feet  himself  with  ovyuris, 
in  that,  for  exaiai>te,  the  e^':i^s  iK^eouj' 
ing^  attaehed  \u  his  tin;^er  dnrHi;,^  iUv 
act  of  scrateliiijg  may  hder  f^et  into  his 
mouth. 

The  eg^s  are  \'ery  lesistant  to  dryings 
and  in  this  eonditioir  m;iy  be  widely  seal* 
tertnl. 

Literature. 

( ihtftfris,  ) 

Heller:  Oxvoris   vt'onicnlans,      Ihiiulij.   v.   Zieni- 

fisrrn  vil.:    D.  A.  L  kliu,  Mnt,  77  M  .  liN)3- 
Kolb;  Oxyuris  verinic.   irn  Cavimj  Donjfijisi,     (hi. 

L  B.,  (>ng,,  xxxL.  11H)2, 
Morro:  Cisti  imp.  m\\Ui  salpinge  con! en.    uovix  tli 

Ox.  V.     A.  piiT  le  ^c.  Med.,  XXV..  liMKi 
Bclmeider:  Ox.  verm,  iin  Beckenperitoiioum  i*in- 

j:ekiU>?^tlL     Cht.  r  n.,  OHk-.  xxxvi.,  IWM, 
Vuillemiii:   Pem'tr.  dn  fetn.  d'Ox.  :i  Irav.  les  fnirms 

de  riiitestin,     C.  f.  B.,  Oiik.*  xxxii.,  liWli. 
Warner:  Oxyuns  vemiic.  in  d.  Dttrmwand.     I).  A.  f.  kiln.  Mert,  si  Hd..  1904. 


Ft  a.  576,  —  Ortt^rin  rrrm  tenia  rtit. 
tU  fktnatkUy  niiiiiirp  rMTTink:  t\  tfrnhU- 
mil  of  iv^tk;  r,  uuiIh.    < After  H*MUi-.j 


^1^  IDS.  Anchytostoma  duodenale  (Dm'hmiitH  flttftdrtmiis,  nv  Sh'tnufifhtn 
tbiOflmfifis^  ur  VnrhKtnn  (ftittfitHtffis^  also  Fuvht4tt'}it  Atttfrh'tfua  |^7///^^]), 
Hook-worm,  is  a  siasdl  wtnni  lMdonfj:iii;4  to  the  tainijy  of  tShotif^tffifit'H, 
whieli  intiabits  the  upp(M' par t  of  the  small  inlestinii  (FiK-  o^*^)-  Tlu* 
eylindrii'al  body  of  the  female  is  5- IS  mm.  loni;,  tfnit  of  ItiemaleH-lo 
mm.  The  eepliabe  end  (Pipf.  57J>)  is  eiirved  toward  llie  dorsad  snrfaer, 
and  i>oss4^;?si'S  a  bellird  incnith-capsule  (if).  It  is  almost  eompletely 
diviihnl  *lorsally,  and  the  ehd't  is  eo\er<Hi  by  two  cliithions  lamella'.  On 
tiie  ventral  bordrr  tlirie  are  f^nir  ineiir\in^'  tindh  (7*),  4^n  Ih*^  dorsjtl 
border  two  teeth  wlnrh  are  periietidienlarly  plaeed  (f),  all  ^nnn^x  hrhl 
tojjfetlier  by  eh  ill  nous  bands, 

Ttie  male  is  provided  at  its  eaadal  extrenuty  with  a  thn-id'idd  liuisjt 
(Fi^.  578,  /)  aad  two  thin,  fishl)oiie  lik«*  spienles  (j*).  In  the  feniidi* 
tlie  posterior  end  is  pointed,  and  liears  an  awl-shaprd  *spine;  the  viil 
va  lies  jjosterior  to  thebtMly  eeidre.  The  oval  e^^^^s  (Fifi:.  TtSr^)  are  44-h7 
/ji  loii^,  2:i-t()  /4  broad.  They  undergo  Ihe  tirst  sta^eH  of  cleavH^^e  in  the 
human  iatestine  (ft-t1),  develop  fiirlljer  in  niaddy  water  (f,/),  and  may 
then,  if  liroii^ht  into  the  tinman  intestinal  traet.  devehip  a^ain  iidosi^x- 
nally  matare  animals.  With  its  teeth  the  wo!  ni  works  its  way  into  the 
47 
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mucous  membrane  as  far  as  the  submucosa,  and  sucks  itself  full  of  blood. 
Its  point  of  attack  is  distinguishable  later  by  a  small  ecchymosis  in  the 
middle  of  which  there  is  a  white  spot  with  a  central  perforation.  Oc- 
casionally there  are  found  in  the  intestinal  mucosa  small  cavities  filled 
with  blood,  within  each  of  which  there  lies  a  coiled-up  worm.     The  para- 


Fio.  577.— ERgsof  Ori/itr/«  rcrmicuUiria  In  cliffereDt  8taiqr«*s  of  development.  '(After  Zenker  and 
Heller.)    a,  fh  c,  tsefonentation  of  yolk ;  (/,  tadpole-shaped  embryo ;  e,  worm-shaped  embryo.    X  230. 

sites,  when  present  in  large  numbers,  cause  a  continuous  and  serious  loss 
of  blood,  which  may  lead  to  the  most  severe  forms  of  ansemia  (Egtff^n 
chlorosis),  but  they  are  not  infrequently  found  in  individuals  who 
present  no  symptoms  of  disease.  The  parasite  is  very  common  in  the 
tropics,  and  also  in  Japan.  According  to  Griesinger  and  Bilharz  about 
one-quarter  of  the  native  Egyptians  suffer  from  this  disease.  The 
parasite  was  very  often  observed  in  the  workmen  engaged  in  the  Saint 
Gotthard  tunnel.  According  to  Menche  and  Leichtenstem  the  brick- 
fields of  the  Khine  provinces  are  to  a  great  extent  infected  with  anchy- 
lostoma  (brick-burner's  aniejnia). 

In  19().S  the  worm  was  distributed  to  an  extraordinary  degree  through- 
out the  mines  of  the  mining  district  of  Dortmund,  so  that  in  the  autumn 
of  that  year  ovc^r  seventeen  hundred  individuals  infected  with  the  worm 
were  found. 

The  infection  takes  place  chiefly  through  larvie  ingested  with  the 
drinking-water  and  food.  According  to  the  investigations  of  Looss  and 
Hchaudinn,  tlie  hirvte  may  i)enetrate  through  the  skin  into  the  veins, 
thence  are  carried  into  the  lungs,  whence  they  wander  through  the  bron- 
chi, trachea,  and  larynx  into  the  intestinal  tract.  In  experiments  made 
upon  ai)es  the  hirvie  may  Ix^  found  in  the  intestine  within  twenty-four 
lioiirs. 

According  to  Stiles  (1902).  the  hookwormdisease  of  the  American  continent  is  due 
to  ii  distinct  s|H*cies  from  that  found  in  Europe.  He  distinguishes  them  as  the  Old- 
World  hookworm  and  the  New-World  hookworm  {Necator  americanus  or  Uncinaria 
amcricana).  The  latter  form  is  prevalent  throughout  the  Southern  United  States  as 
far  north  as  the  Potomac  River,  and  in  the  West  Indies,  and  has  also  been  found  in 
Itnly,  Africa,  China,  and  the  Philippines.  It  is  a  cylindrical  worm  7-11  mm.  long, 
with  a  dorsal  and  ventral  pair  of  lips,  a  prominent  dorsomedian  buccal  tooth,  and  four 
buccal  lancet*;.  Tn  the  male  the  dorsal  ray  of  the  bursa  divides  at  the  base  and  each 
branch  possesses  two  tips.  In  the  female  the  vulva  is  in  the  anterior  half  of  the  body. 
The  eggs  have  more  sharply  rounded  poles  than  those  of  the  Old-W^orld  worm.  It  is 
estimated  thai  about  ninety  i>er  a*nt  of  the  rural  population  of  Porto  Rico  is  infected  with 
this  parasite,  and  in  some  parts  of  Florida  a  similar  degree  of  infection  is  reported. 
According  to  *S7/7e.s.  tlie  piney-wood  and  sandy-soil  portions  of  the  South  are  especially 
rojrions  of  infection.     In  these  regions  '*  ground  itch  "  is  of  common  occurrence,  and  is 
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is  very  great.  It  is  estimated  that  thirty  per  cent  of  all  deaths  in  Porto  Rico  are  the 
result  of  hookworm  infection.  According  to  Stiles,  this  infection  is  chiefly  responsible 
for  the  inferior  mental  and  physical  condition  of  the  poorer  classes  of  whites  in  certain 
parts  of  the  Southern  States. 

Etistrongyius  gigas,  a  palisade-worm  of  red  color,  whose  female  reaches  a  length 
of  1  metre,  is  a  very  rare  parasite,  which  has  been  observed  only  a  few  times  in  the  kid- 
ney-pelvis of  man.  It  occurs  very  frequently  in  dogs.  It  possesses  a  mouth -openlni; 
with  six  papillae ;  the  male  has  on  its  posterior  extremity  a  bursa  with  a  sinele  spicu- 
lum.  The  eggs  are  oval,  0.06  mm.  long,  and  provided  with  a  rough  albuminous 
capsule. 

Strongylus  iongevaginatus*  a  thread-like,  white  worm,  2G  mm.  long,  was  once 
observed  in  the  lung  of  a  bov. 

In  the  domestic  anlmalB  Strongylides  occur  in  much  greater  numbers  than  in  man. 
and  are  in  part  inhabitants  of  the  intestine,  and  in  part  of  the  lungs  (MuUer,  **  Die 
Nematodcn  der  Sttugethierlungen,"  Deut.  Zeilschr.f.  Tliierrtked. ,  xv.,  1886). 

Dochmius  trigo}iocephalus  and  Dochmius  stenocephalus  occur  in  the  intestine  of  dogs, 
and  give  rise  to  anaemia  similar  to  that  produced  by  the  Anchylostoma  in  man. 

Strongylus  armatm  is  a  common  parasite  of  the  horse,  which  enters  the  intestinal 
tract  as  an  embryo,  bores  into  the  intestinal  wall  (Ol€),  thence  into  the  liver,  by  way  of 
the  portal  vein,  and  further  into  the  lungs  and  the  organs  of  the  major  circulation. 
Following  this  migration,  it  may  develop  in  the  most  diverse  organs  and  cause  the 
formation  of  fibrous  nodules,  which  become  calcified  after  the  death  of  the  parasite 
enclosed  in  them.  In  the  intestinal  wall  it  may  develop  after  direct  migration  or  after 
embolic  lodgment  in  the  part,  and  leads  to  the  formation  of  cavities,  from  which  it 
again  breaks  through  into  the  intestinal  lumen.  In  the  mesenteric  arteries  it  attains 
sexual  maturity,  and  causes  thrombosis  and  the  formation  of  aneurisms.  The  male  of 
the  mature  worm  is  20-30  mm.  long ;  the  female,  20-55  mm. 

Strongyhis  tetracanthus,  which  inhabits  the  large  intestine  of  the  horse,  causes  a 
hsemorrhagic  enteritis  when  present  in  large  numbers. 

Stranffylus  paradaxtis  is  an  extremely  common  parasite  of  the  lungs  of  hogs. 
Strongylus  cnpillaris.  Sir.  commuiatus,  and  Sir.  filaria  are  frequent  parasites  of  the 
lungs  of  goats  and  sheep,  and  different  species  may  be  present  in  the  same  lung  at  one 
time  {Sc/degel,  "  Die  durch  Strong,  capillaris  verursachte  Lungenwurmseuche  der  Ziege," 
Arch.f.  toiss.  Thierheil.,  25  Bd.,  1899).  The  latter  causes  in  sheep  a  bronchitis  and 
nodular  proliferating  pulmonary  inflammations;  through  the  swallowing  of  many 
embryos  inflammations  of  the  intestine  may  also  be  produced. 

Strongylus  rufeacens  and  Str.  paracUfXUM,  yematoidium  (tct'f*  inihnnitiiliit  {Lydthi),  or 
PHCudalius  oris  pulmonalis  (Koch)  are  also  inhabitants  of  the  lungs  of  sheep,  the  last 
named  causing  a  pseudotuberculosis.  Str.  commutatus  and  Str.  pusillutt  occur  in  the 
lungs  of  the  hare  and  rabbit;  Str.  ttyngamus  and  hronchialus  in  the  trachea  of  birds;  and 
excite  inflainmatious.  Str.  micrurus  {Strof*e,  "Bau  von  Strongylus  micrurus,**  J)e^it. 
Zeitschr.f.  Thimned.,  xviii.,  1892)  occurs  in  cows  and  calves,  in  art-eriiil  aneurisms  as 
well  as  in  tiie  respiratory  passages. 

StrongyhiH  puHilluH  causes  in  cats  a  pulmonary  disease  resembling  tuberculosis 
{Jeunmaire,  **  Ueber  die  hist.  Verilnd.  der  Lunge  bei  der  venninOsen  Pneumonic  derKatzc 
und  (les  Hasen,"  liiaug.-Diss.,  Freiburg,  1900).  Syngamvs  trachealift  {Klee,  "Der  jrr 
paarte  Luftrohrenwurin  des  Geflligels."  Deut.  ThUrdi^tl.  Wochenschr.,  1899)  is  a  dan- 
gerous parasite  of  birds,  particularly  of  pheasants,  in  the  trachea  of  which  it  appears 
in  great  numbers,  and  attac  lies  itself  to  the  mucous  membmne.  It  is  easily  recognized 
by  its  red  color.  Similar  to  the  last-named  is  Syngamus  hronchialis,  which  has  been 
observed  a  few  times  in  geese  and  ducks. 
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§  109.   Anguillula  intestinalis  (Fig.   581)  is  a  worm  of  2.25  mm. 
length,  which  is  found  in  the  intestine,  particularly  in  the  tropins,  and  in 


Fi(i.  !ii<\.—AniniiUula  intcstUuiHtt. 
(After  Braun.) 


Fig. 582— Fenoale of  A nuuiauta  rtercttralitf,  with 
eggs  and  einbryoR.    (After  Perrom'lto.)    X  85. 


Italy,  and  luus  been  occasionally  observed  in  Switzerland,  Germany,  Bel- 
gium, and  Holland  (probably  transported  from  Italy),  under  similar  con- 
ditions as  tlH^  .Vnchylostoiua  duodonalo.      According  to  the  observations 
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of  Leuckart',  Golgi,  Grassi,  Leichtcnstem,  Zinn  and  others,  the  Anguillula ' 
integtinalis  is  a  hermaphrodite,  the  eggs  of  which  develop  even  in  the 
intestine  to  embryos  of  0.2  mm.  in  length;  and  in  the  presence  iu  the 
intestine  of  numerous  parent- worms  are  found  in  the  faeces  in  great  num- 
bers. In  the  stools  they  become  changed  within  about  twelve  hours  into 
filaria-like  larvte,  which,  when  gaining  entrance  into  the  human  intestine, 
again  grow  into  parasitic  anguillulse,  which  are  again  able  to  produce 
eggs  capable  of  development.  In  addition  there  also  occurs  a  develop- 
ment with  an  intermediate  sexual  generation,  a  heterogony. 

In  the  event  of  a  sexual  development  the  embryos  grow  outside  of  the 
body  in  about  three  days  into  sexually  mature  animals  (female  1.2  mm. 
long,  male  0.88  nmi.)  which  are  known  as  AnguiUula  or  Ichabdilis  sterco- 
ralis  (Fig.  582),  and  were  formerly  regarded  as  a  separate  species.  The 
embryos  of  the  separate  sexual  individuals  develop  into  filaria-like  larv», 
which,  entering  the  intestine  of  man,  again  grow  into  parasitic  anguil- 
lulse. 

According  to  Leichtenstern  and  Zinn  the  filaria-like  larvae  of  the 
direct  development  are  more  resistant  than  those  of  the  sexual.  The 
sexual  mode  of  multiplication  occurs  particularly  in  the  anguillula,  com- 
ing from  the  tropics,  while  in  the  indigenous  form  (brick-laborers  of 
Germany,  Belgium,  Holland)  the  direct  metamorphosis  predominates. 
Leichtenstern  has  explained  this  by  the  assumption  that  the  tropical 
anguillula  after  its  transportation  into  a  temperate  zone  has  adapted 
itself  to  the  less  favorable  climatic  conditions  of  the  latter  in  such  a 
manner  that  the  anguillula  of  the  temperate  zone  favors  more  the  much 
simpler  mode  of  development  which  is  the  more  independent  of  the 
climate — namely,  the  direct  transformation  of  the  embryo  into  the  filaria- 
shaped  larvae,  which  in  turn  grow  directly  into  parasitic  anguillulae. 

According  to  the  statements  of  varioiLs  authors  Anguillula  stercoralis 
when  present  in  larji^e  nnmbers  ciiuses  diarrhoea.  According  to  Xorraand, 
Gnissi,  Golgi,  Ijeielitenstern,  and  others,  the  worms  are  found  chiefly  in 
the  upi)er  parts  of  the  small  intestine.  According  to  Leichtenstern  and 
Askanazy  the  mature  animals  and  the  larvae  penetrate  not  only  into  tln^ 
crypts  of  Liebi^rkiilin,  but  also  into  their  epithelium  and  into  the  con- 
nective tissue  of  the  mucosa,  and  in  individual  cases  may  bre^k  through 
the  muscularis  inueosie.  The  mother  animals  lay  their  eggs  in  the  inte-s- 
tinal  crypts.  The  embryos  when  hatched  out  wander  out  into  the  inte^s- 
tiue. 
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Perroncito:  AivU.  jh  It*  8e.  Med.,  v.,  1H81;  Arch.  ilal.  de  biol,,  ii,  ii,  iii, ;  Ann.  H.  Ac* 

ciul,  di  A^rifolrura  di  TortDo,  xiii. ;  Journ,  de  rarmt.  ct  tie  In  pliys.,  xviH. 
Teissier:  AogyiUiib  Ht^rcorulf.     An h,  cle  iiiM.  exp.,  ISUf*. 
Thayer:  On  Uic  Oi  riirreiic^  of  Strongvluidfs  liikstinwlls  in  llii.'  L'tiitfil  SUitcs.  Jouru* 

Ziim;  L-t  lier  Anginllula  intestiimlis,     Cbl.  f,  B^ikt.,  xxvi,,  IsJllJ. 


§  200,  Tricocephalu5  dispar  {THchurlH  (riehitrfa),  the  whiptcorm, 
is  a  comiiiLHi  and  n^latively  }*arinlcs8  pantsiti^  t!iuu*^h  accordiiij^  to 
Askaiiazy  it  sueks  blaml  t'vmn  the  ime^stillal  Tiuirosji.  It  inhabils 
the  ciiecuiii  and  ttu^  iiei^ddM)riii|2:  portioim  of  the  inteHtiiiB.  It  is 
IVuiud  also  ill  th<»  donmstit-  animals.     The  male  and  fVuiale  are  about 

4-ri  c-iiL  in  hnij^th  (FU^.  5Ki).  The 
anlerior  body -half  {a,  b)  is  very 
Ihiiu  thread -like;  the  posteri*jr 
wliich  lKnirslbes4'Xiial  or^nius  (/',  //, 
/,  IK  />).  is  nini'h  thicker,  in  the  iVv 
male  (//)  eylindrieal,  and  in  tbt* 
niaJe  (.1)  rolled  up  and  prnvidt  d 
with  a  spiciibim  (f/), 

Tlie  e^^^  (Fig.  ^»>>l)  are  an  el* 
(nip^ated  oval,  50//.  hinfjf,  and  possess 
a  thiek  brown  shell,  which  show« 
;it  both  [joles  a  i»ejLC' shaped,  glassy 
swelling. 
Ij  The  tii^it  st4i|fe  td*  the  develop- 

aient  c»i'  the  embryos  takes  plaee  in 
water  and  in  moist  earth.  It  ad- 
\ances  shiwly,  even  in  summer 
lastinpc  four  to  five  months,  and  in 
t^e  colder  nmnthsof  tlie  year  mueli 
longer.  Thi*  eggs  ni^  very  resist 
aut  to  eold  and  drying.  (For  thr 
litendniv  Bee  Ihtbrt\  **  IJibliogni' 
phie  der  kiiu.  Jlelniinlhcdogie," 
Miinehen,  lSf»;i,  p.  213;  Askanaz^, 
**Ili*r  Peits<*henwnrm/'  Ikmt.  Arch. 
f.  kihi.  J/ri/.,  57  Bd.,  1890;  Heine, 
"  Anatomie  d.  Trif*oeepbalus/'  CbK 
/.  Bitkt,  xxviii,  imm. 

8  201.  Trichina  spiralis  oeenrs 
in  two  forms — the  triehina  of  the 
intestine  and  tlie  triehina  of  the 
miifteles. 

The  intestinal  trichina  (Fig. 
585)  Is  the  s*>xnally  mature  fornix  and  is  a  small,  white,  bair-like  wonii 
seareely  visibh*  it*  the  naked  eye.  The  female  (A)  is  :l  mm.  long,  the 
male  (B)  is  mnch  smaller.  The  posterior  pstrt  of  Ihe  body  is  elongated 
in  both  sexes*  and  in  the  male  (B)  is  prf>vided  on  the  doi-sjil  half  with 
two  conical  terminal  pegs,  which  are  dirtH-ted  toward  Ihe  l>elly  and 
ait?  separated  from  each  other  by  fonr  kuobdike  pa[dlhe.  Instead 
of  a  Kpienlnm  the  museolar  eloacii  is  protruded  outward  during  eopn- 
lation. 

The  intt*stinal  canal  liegirjs  with  a  mnscular  mouth,  which  becoming 
wider  |>asses  into  the  res<>[diagus,  which  tbrougiiout  its  entire  length  issur 
rounded  by  the  so-called  cell  b« id y— that  is,  by  rows  «>f  huge  cells,     TIh^ 
stomach,  which  follows  the  <es<>[jhagns,  is  a  ttiuskshaped  dilatation  oC  tW^ 


FiG.  583, 


FlQ.bi^. 


k  Orh*''nniHwtJ'r  and   Z&n.)     .1,  M«il*<;    li,  vuiulal 
rm\  of  femtile  ;  <!.  ir'phallr  end  ;  Ik  arilt'lior  jmrttMH 

r,  rUrarjn*  /,  siHiiliml  iliirt  ;  i}^  (w^ntft ;  I,  l»Hll-4liti|H^1 
r*^nl«-shi*j[iai,  Willi  ♦Hni  of  p^'dIm;  m.  Itil^'stlrjH  of  the 


Hi»ner.)     >:  316. 
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iutestiue,  and  is  lined  with  finely  granular  cells.  The  stomach  passes 
without  any  essential  change  of  structure  into  the  intestine,  which  in  the 
male  unites  with  the  seminal  duct  at  the  posterior  end  to  form  the  cloaca. 

The  testicles  consist  of  a  pouch,  which  begins  near  the  caudal  end  siS 
a  blind  sac,  proceeds  as  far  forward  as  the  cell- 
bodies,  and  bending  there,  passes  over  into  the 
seminal  duct. 

The  sexual  organs  of  the  female  (A)  consist 
of  a  single  ovary,  a  uterus  and  a  vagina,  which 
oi)ens  externally  at  the  junction  of  the  first  and 
second  quarters.  The  ovary  likewise  forms  a 
])ouch  lying  close  to  the  posterior  end  of  the 
body,  in  which  the  round  eggs  develop.  The 
pouch  passes  anteriorly  into  the  sac-shaped  utenis. 

The  eggs  develop  within  the  uterus  into  em- 
bryos which  are  set  free  at  birth. 

The  muscle-trichina  (Fig.  586)  is  a  worm 
0.7-1  mm.  iu  length,  which  lives  in  the  muscles 
of  the  body.  It  is  usually  rolled  into  a  spiral 
and  lies  in  a  capsule,  which  occasionally  contains 
lime-salts.  Between  the  coils  of  the  worm  there 
is  a  finely  granular  mass. 

A  single  capsule  may  contain  three  to  five 
tricbinffi. 

If  a  piece  of  muscle  coiita.ining  living  tri- 
chinsB  is  taken  into  the  stomach  of  a  host— for 
example,  man— the  capsule  is  dissolved  and  the 
trichinte  are  set  free.  In  the  intestinal  canal  they 
attain  sexual  maturity  within  two  and  a  half  days, 
when  eopuhition  takes  place.  On  the  seventh  day 
after  the  ingestion  of  muscle  trichina?  the  birth 
of  embryos  begins,  which  continues  some  time, 
even  for  weeks.  A  single  female  trichina  may 
l)ear  from  one  thousand  to  thirteen  hundred 
young.  According  to  Pagensteeher,  Chat  in,  Cer- 
fontaine,  and  Askanazy,  the  female  trichinse  pen- 
etrate into  the  intestinal  villi  and  deposit  the 
embryos  in  the  chyle- vessels,  whence  their  migra- 
tion begins.  To  what  extent  they  are  swept  along 
pavssively  by  the  lymph,  or  to  what  extent  active 
migration  is  concerned  in  their  spreading,  is  a 
difficult  matter  to  determine.  AVhen  arriving  in 
the  muscles  they  penetrate  the  primitive  fibres, 
bring  the  adjacent  contents  of  the  fibre  to  degen-  l^  ^ 

enition,  and  grow  in  about  fourteen  days  to  fully 
developed  muscle  trichinie.  In  the  neighborhood 
of  the  trichinae  there  occurs  a  proliferation  of 
the  muscle-nuclei  and  an  inflammation  of  the 
connective  tissue.  At  first  the  muscle  t rich inse 
are  enclosed  only  by  the  SJircolemnia,  which  ap- 
pears thickened  and  hyaline  about  tiiem.  Later 
there  occui-s  in  the  neighborhood  an  inflammatory 
l)n)liferation  of  granulation  tissue  containing  nu-         ^,      "    „ 

I  .,  11     /ij.    1  1    •  1  •    .    1       1     .  Kg.  580.— Sexually  mature 

nierous  eosinophiU^  cells  (Schleip),  which  leads  to  triehin*.  a.  Female;  «. 
the  production  of  connective  tissue   on   the  out-      xm  ^^^^"^  Leuckart.) 
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iiiile  of  the  ssircolt-iuiiia  uinl  pruetriitei^i  even  wirhiii  the  sarcolemma  tube, 
t  he  musch^-iiuelei  bei  ii^  dt*st  royed.  F;it  -cells  iriuy  Ji]>pen  r  hiter  in  the  eon  - 
neetive  tissue  of  the  eapsiile,  tlie  th^vel{v]niieiit  nf  i  lie  latter  liein^  especially 
iiiarked  at  the  pules. 

The  intestinal  tiiehina"  have  a  limited  life  of  from  live  toei^dit  we<*ks. 
Tlie  mnsele-tiiehinie,  on  the  other  hand,  may  live  for  a  verj'  long,  possi- 
hly  an  nidinuled  time — 
that  is,  nntil  the  death 
of  the  alter  led  iiidiviil- 
ual ;  ur  at  any  rate  fur 
ye^rs,  althon^ii,  aeeord- 
ing  to  Elirhardt,  a  few 
may  die  beJVtre  the  en- 
eajKsnlatiou.  Ai'tt^r  some 
1  hne  there  frequently 
oeeurs  a  deiKisititui  of 
linn*-s;ills  in  thee;ipsuU\ 
esperiaily  at  the  ]jules, 
eansing  it  t**  appear 
glislening-white  by  rt^ 
Heeled  light,  and  elondy 
and  dark  l)y  transmit  U*d 
light.  Ill  nire  eases  the 
1  r  i  c  *h  i  n  I  e  after*  dying  f  1 1* .  r>«;.  Knvu  r^u  t  u  t*Hi  m  ujm  if  trithj  n  n*.  (  a  fur  Lfunit  .•  r. ,  >  u  k 
also  lieeonu*  ea  lei  lied, 

Trii'hinse  have  hvvn  observe*^  lM\sides  ia  man,  also  in  llie  Img,  eat, 
iiog,  rat,  nnmse,  nmrmot,  poleeat,  fox,  marten,  badge j*,  heilgehog,  and 
meeoon.  Thiongh  the  fetMlrng  of  triehinons  meat  inusele-trii-biiue  may 
also  be  develoi»ed  in  rabbits,  gninea-pigs,  slieep,  dogs,  ete,  Man  l»«^eom*\s' 
infeeted  through  the  eating  of  uneook<Ml  pork.  The  invasion  of  the  tri- 
ehiiue  prndtn*es  various  phenomena  in  man.  The  intiodnetion  of  triehin- 
ous  UH^at  into  tlie  intestine  is  fcdlowed  by  the  sympttuns  of  an  intestinal 
(sitaiTh.  With  tlie  invasion  of  the  luustles  there  are  pi'«Klneed  ]>ain» 
swelling,  tedema,  jiaralysis,  and  not  infreiiuently  fe\  er.  In  the  bhiod 
there  oeenis  a  marked  iiK^reaMMd*  the^  eosiuophile  eells  (Opie,  Sehh'ip). 
The  synipttnns  aie  most  si-vere  in  the  fonrlh  and  tifth  w*H*ks,  De^dh  not 
inti^HjUiHitly  n^sults.  The  iutensity  and  severity  of  thesym]^toms  depend 
in  general  npiui  the  number  of  the  worms  wandering  into  the  innseh^s, 

Thetrieliimeare  found  most  alnindantly  in  (he  diaphnigm,  tongne,  in- 
tereostal  mnseles,  the  mnseles  of  the  neek  and  larynx,  the  Inmbarmnseles, 
and  are  seatteied  must  sparsely  in  the  distant  ninseles  of  the  extremities. 
They  are  usually  mast  numerous  about  the  insertions  of  tlie  tendons. 

i^cconling  to  P^mthirtgham  {Jour,  of  Mtd,  Res,,  1906).  the  tricliirtM  fnihrytiH  are 
Unmd  in  the  sinuses  of  I  he  mesenteric  lyiitph-nuties  and  in  the  tiver  simisoids,  showing 
I  hat  they  enter  the  H^nph-st  renin  and  are  distriUnted  by  the  circnIiitiiiK  blocMl.  Trichina 
embryos  are  found  m  the  areas  of  haemorrhuite  occurring?  in  the  lunics-  Local  destrue- 
tfofi  of  tissue  rnuy  take  place  in  the  liver,  paiicrea-s,  hniiii,  miuI  heart  ha  a  resuil  of  the 
punisite  leaving  the  l>lood-vess*'l.  The  C4ii>sule  nf  the  eneysted  trichimiMs  fomietl  of 
conm^ctive  tisssue  whieh  snrroimd?*  the  whole  of  the  invaded  film^ 

Literature. 

(  Trirhimt  SphttltH  :    Trirhittumn. ) 

Askanazy:  Zur  Lehn'  von  der  Trichiiio^e.     I'hL   f-   Bakt.,  xv*.  1S94;   Virch-  Arch.^ 

141  Bd..  181*5. 
Cerfontaine:  Coiitr.  a  let.  dela  tnchinane.     Arch.de  hio!.,  xiiL,  1893;   Cbl.  f,  Bakt., 

xxi.,  1897. 
Gliatin:   La  trichine  el  la  Irichiiiowe,  r*an«.  18S3* 


748  THE    ANIMAL    PARASITES. 

ill  America,  China,  and  India.     FUaria  hcemorrhagica  or  muUipapillosa  causes  a  nodular 
cutaneous  afTection  in  the  horse  and  donkey. 
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III.  Arthropoda. 

J.   Arachnula, 

S  203.  The  parasites  included  among  the  Arachnida  are  ehietly  epizoa, 
which  either  temporarily  or  permanently  inhabit  the  skin.  Only  one 
species — PentaHtoma—oQQWv^  in  the  larval  form  within  the  tissues.  The 
most  common  parasites  of  this  group  belong  to  the  MiU's  {Acarina). 
The  i)entastoma  belongs  to  the  family  of  iomjue-xconuH  (Pentastoniidcc  or 
Jjinf/uatfduhc). 

(1)  Acarus  scabiei  or  Sarcoptes  hominis,  the  itch-mite,  is  a  para- 
sitic mite  the  siz<^  of  a  pinhead  with  a  turtle-shaped  body,  provided  on 
the  ventral  surface  both  anteriorly  and  i)Osteriorly  with  two  pairs  of  legs, 
each  of  which  is  furnished  with  bristles  (Fig.  589).  The  anterior  pairs 
of  legs  extend  out  into  pedided  clinging-discs.  The  same  arrangement 
is  found  in  the  i)osterior  two  pairs  in  the  male, while  in  the  female  both 
of  the  i)osteri()r  i)airs  end  in  long  bristles.     KSeveral  bristles  are  also  found 
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presence  of  the  mites  by  an  increased  production  of  epithelial  cells  (a) 
and  inflammation  (c).  The  latter  is  still  further  increased  through  the 
scratching^  of  the  spots  which  itch  in  consequence  of  the  invasion. 

2.  Leptus  autumnalis,  the  harved-mite  (Fig.  591)  is  the  red-colored 
larva  of  a  variety  of  Tromhididce,  which  lives  upon  grasses  and  bushes 
and  upon  grain,  and  when  occasion  offers  alights  upon  the  skin  of  man, 
where  it  penetrates  the  epithelium  and  causes  itching  and  inflammation. 

3.  Demodex  or  Acarus  folliculorum  hominis  (Fig.  592)  occurs  either 
singly  or  in  nunil)ers  in  the  hair-follicles  of  the  face,  as  well  as  in  the 
ducts  of  the  sebsiceous  and  Meibomian  glands.  Hausche  found  the  de- 
modex on  the  eyelashes  in  seventy-nine  per  cent.,  and  Joers  in  sixty -four 
per  cent,  of  the  cases  examined.  Children  under  one  year  of  age  were 
free.  The  female  is  0.4  mm.  long,  the  male  0.3  mm.  The  eggs  are  de- 
posited upon  the  shaft  of  the  hair  or  upon  any  other  portion  of  tissue,  and 
develop  after  two  sheddings  into  sexually  mature  animals  which  are  found 
in  the  entrances  to  the  hair-follicles  and  sebaceous  glands,  with  their  heads 
directed  inward.  The  assumption  that  the  demodex  causes  inflammation 
(acne,  blepharitis  acarica)  is  not  supported  (Joers,  Hausche),  since  in 
spite  of  its  i)i'osence  in  the  great  majority  of  cas*\s  signs  of  inflammation 
are  wanting. 

It  has  on  its  anterior  ventral  surface  (Fig.  55>2)  four  pairs  of  short 
thick  feet.     The  head  possesses  a  snout  and  two  feelers. 

4.  Ixodes  ricinus,  the  wood-jack  or  wood-tick  (Fig.  593),  is  a  fairly 
large  yellowish-brown  member  of  the  Arachnida  Ix^longing  to  the  ticks. 


no.  59CJ. 


'^^^^ 


FF(i.  r)Oi. 


FIQ.  592. 


Kio.  rm. 


riG.  591     LeittuMautumnaliit.    (Aft«T  KiVhrnnH'Islerand  ZQra.) 

Fi(i.  rm.—AvanisfolUculorumhominift.     (After  Perls.)     X  300. 

Fi«.  rm.-  Lnnics  richivA,  siH'ktHl  half  full  of  bUxxi.    x  2. 

Yui.  rm.    CvphaWc  end  of  PcntaHtomadniticnlatvm.    (AfU»r  Perls.)  X  40. 
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It  hiis  a  bhu*k  bead  provided  with  a  suckiug  apparatus,  and  a  very  dis- 
tensible leathery  body.  It  is  of  common  occurrence  upon  grass  and 
bushes,  and  sometimes  alights  upon  man  or  beast.  By  means  of  its 
suckiug  apparatus  it  di*aws  blood  from  the  skin  and  swells  up  to  a  very 
remarkable  extent. 

5.  Pentastoma  denticulatum  is  the  larva  of  Pentastoma  taenoides, 
a  lancet-shaped  animal  belonging  to  the  tongue- worms  or  Pentastomidce. 
It  inhabits  the  nasal,  frontal,  and  maxillary  cavities  of  various  animals, 
especially  of  the  dog,  very  rarely  of  man  (Laudon)  and  occasions  inflam- 
mations. The  female  of  the  mature  animal  is  50-80  mm.  long,  and  an- 
teriorly from  8-10  mm.  broad ;  the  male  is  16-22  mm.  long,  and  anteriorly 
from  3-4  mm.  broad.  The  body  consists  of  eighty-seven  to  ninety  seg- 
ments, the  most  anterior  of  which  bear  lateral  segment-appendages,  the 
pairs  of  limbs.  The  eggs,  which  are  produced  in  very  great  numbers, 
are  oval.  The  larva  is  4-5  mm.  long,  1.5  mm.  broad,  plump,  flattened,  and 
inhabits  chiefly  the  liver,  lung,  or  spleen,  or  more  rarely  the  other  organs 
of  man  and  the  herbi vora.  It  occurs  in  the  form  of  a  small  nodule  encap- 
sulated in  connective  tissue.  The  body  consists  of  about  fifty  ring-shaped 
segments  which  are  provided  at  the  borders  with  spines  (Fig.  594),  and 
the  cephalic  end  is  provided  with  four  hook-shaped  feet.  The  eggs  are 
taken  in  from  the  external  world  through  the  intestinal  tract.  The  para- 
sites set  free  in  the  intestine  wander  by  means  of  a  boring  apparatus 
through  the  mesentery  into  the  mesenteric  lymph-glands,  or  penetrate 
directly  into  the  blood-vessels,  and  are  carried  by  the  blood-stream 
to  the  liver  or  even  to  the  lungs,  where  after  shedding  they  develop 
into  the  encysted  larvae.  The  larvae  may  in  their  wanderings  gain  access 
to  the  nasal  cavity  of  their  host,  and  develop  into  mature  animals,  al- 
though the  further  development  usually  takes  place  only  after  their  re- 
ception into  a  new  host. 

According  to  the  published  reports  of  Tanaka  a  small  red  mite  occurs  in  great 
numbers  in  different  parts  of  Japan  during  midsummer,  and  clinging  lirmly  to  the  skin 
of  man  causes  the  so-called  Kedani-ditease,  which  is  cliaracterized  by  inflammation  of 
the  skin  and  lymph-glands,  with  high  fever,  and  often  ends  fatally.  It  is  probable  that 
these  symptoms  are  due  to  secondary  infections  (proteus  and  streptococci)  in  the  bites 
of  the  mite.  Argas  reflexuSy  a  tick,  causes  by  its  bite  not  only  local  inflammation,  but 
also  nausea,  tliarrhoea,  cardiac  palpitation,  asthma,  etc.,  through  a  poison  derived  from 
its  salivary  glands.     It  is  found  also  in  pigeons. 

In  the  domestic  animals  living  mites  occur  very  frequently  as  parasites  of  the 
skin,  and  represent  ditTerent  species  of  various  families  {SarcoptuieSf  Dermaiocoptea, 
Dermatcphages,  and  Acaride^). 

Sarcopten  hominis,  the  burrow-mite  or  itch-mite  of  man,  is  found  also  in  horses  and 
Neapolitan  sheep.  In  addition  still  other  different  species  of  sarcoptes  may  be  distin- 
guished as  parasites  of  the  domestic  animals — for  example,  Sarcoptes  squamiferus  in  dogs, 
nogs,  sheep  and  goats,  and  Sarcoptes  minor  in  cats  and  rabbits. 

Dermatophagus,  the  devouring-miie  (Fig.  595),  with  a  broad  head,  occurs  in  different 
animals,  and  different  species  may  be  accordingly  distinguished.  It  lives  upon  the 
cells  of  the  epidermis  and  causes  a  desquamation  of  the  skin. 

Dermatocontes,  the  sucking-mite  (Fig.  596),  with  long  narrow  head,  takes  blood  and 
lymph  from  tne  skin  and  causes  inflammation.  Dermatocoptes  communis  occurs  in 
horses,  cattle,  and  sheep. 

Dermatocoptes  cuniculi  is  a  para-site  of  the  rabbit's  ear,  and  causes  the  ear-scab 
which  usually  appears  on  the  inner  side  of  the  auricle. 

Symbiotes  equi  of  Gerlach  is  a  mite  which  occurs  chiefly  upon  the  feet  of  the  heavy 
English  and  Scot<jh  horses,  and  causes  a  moist  dermatftis,  often  incorrectly  called 
nudanders, 

Dermanyssus  avium  is  a  long,  red,  blooti-suckiug  mite,  about  1  mm.  long,  and  is 
often  found  upon  birds. 

Dermatorf/cttn  mutans  caus<»s  the  foot-itch  of  chickens  whereby  the  skin  ac({uiresa 
mortar-like  scabby  covering. 


752 


THE    ANIMAL    PARASITES. 


Acaru^  foUicidorum  or  Demodex  folliculorum,  the  mite  of  the  hair-follicles,  occurs 
most  frequently  in  the  dog  or  cat,  more  rarely  in  the  hog,  cattle,  and  the  goat.  In  the 
(log  it  causes  the  formation  of  scales,  falling  out  of  the  hair,  and  a  pustular  eruption. 

Demodex  phylloides  causes  in  swine  nodular  inflammations  and  ulcersparticularly 
on  the  snout,  neck,  breast  and  flanks,  and  the  inner  surface  of  the  thighs.  The  purulent 
foci  contain  great  numbers  of  the  mites.     The  mite  may  develop  also  on  cattle. 


Ficj.  5«6. 


FIG.  m\. 


Fio.  585.— Male  of  Dfrmatopfiagw  ctnnmunis  seen  from  the  ventral  side.  (After  Pfllz. )     x  50. 
Fig.  506.—  Male  of  Dcrmatiwopte«  ctnnmiinUt^  seen  from  the  ventral  side.     (After  PQtz.)     x  .50. 

Various  species  of  Ixodes  of  the  tick  family  occur  on  dojrs.  cattle,  and  sheep;  Argn 
rcjirxus  occurs  on  pigeons;    and  other  forms  of  ticks  occur  on  the  domestic  animals. 


'xus  occurs  on  pigeons;    ana  oiner  loruis  oi  ucks  occur  on  ine  o< 
Leptus  autiimnalis  occurs  also  on  do^s  and  chickens. 
Pentastotnata  occur  also  in  cattle,  sheep,  and  goats,  and  in  cert  a 
common  in  the  first- named. 


in  rejrions  are  very 


:^,    fnarcta. 


S  204.  The  parasites  l)eloiiginjyf  to  the  ehiss of  ImevUi  are  for  the  j^reater 
part  epizoa.  In  part  they  are  but  transient  inhabitants  of  the  skin, 
deriving  from  it  their  nourishment;  in  part  they  are  permanent  inhabi- 
tants and  utilize  the  skin  structures  for  the  deposit  of  their  eg^s.  Of  the 
numerous  s]>eeies  belonging  to  this  class  the  following  may  be  mentioned : 

(1)  Pediculus  capitis,  the  head-lome  (Fig.  597),  inhabits  the  hairy 
portions  of  the  head,  and  derives  its  nourishment  (i.e.,  blood)  from  th<» 
skin,  by  means  of  its  feeding  apparatus.  Its  eggs  (nits)  are  barrel-sliai)e<l 
and  white,  and  are  attached  to  the  hairs  by  means  of  a  chitinous  shell. 
The  embryo  hatches  in  alK)ut  eight  days.  h\  cons(M|uence  of  the  scratch- 
ing induced  by  the  itching  there  often  arise  inflammations  of  tin*  skin,  in 
particular  eczemas,  which  are  often  relatively  severe. 

(2)  Pediculus  pubis  (P////?/r/7/.v  inguinaHs),  the /V// or  ('nd}-hmsr  {V'vr^ 
598),  inhal)its  the  hairy  parts  of  the  trunk  and  extremities.  Its  habits 
of  life  are  the  sjime  as  those  of  PcdiruluH  rapifis, 

(:{)  Pediculus  vestimentorum,  the  v/ol/u'nf/  or  hodji-lomr  (Fig.  ."i^M)), 
lives  in  the  wearing  apparel,  and  lays  its  eggs  in  the  same.  It  gt-ts 
upon  man  to  obtain  its  nourishment. 


\\\  HAHlTir    A  KTHRUIM  )  I )  A . 


>:^ 


(4  J  Cimesc  iectulariys/the  bedbiijp:,  dwells  in  beds,  floors,  tl«>«et^,  etc'. 
During  the  night  it  gets  upon  man  to  ^uck  HIockI,  It  I'iiuws  wlieals  in 
the  skill. 

(5)  Pulex  Irrltans,  the  eommon  fi^'tt ,  Jilso  draws  bliKjd  from  Ww  skin. 
At  the  point  where  it  hiis  sneked  there  is  found  a  little  pnnetale  hienior- 


" /i-«^^' 


I    .. 


Fio.  m* 


ri4J.  S96. 


T\Q,  580. 


FiQ.  flW.— I^oi little Mf  PttUctilm  f iipif te,  seen  from  ttoe  ventral  »urf ftt*.  < KOoht^timetitf r titMl  ZQrn. >  X  IB. 
FlQ.  506.— Mulf  of  PttUvnhm  puhlx,  tunm  tmva  the  ir«ntnil  nurfacp.  ( Kicht»nmf  tsk^r  mid  Zilm.)  >:  lU. 
Fm.  S89— Fpnmle  of  PrttictihiJ^  w»timrnU*rum^  ieen  from  th«»  vnntnil  surfiw^*    ^KflrtH*niiifIi4t*fr  diid 

rhcip\  Ot^esisionally  it  eunst-s  wheals  and  sweltinics.  It  lay>i  its  eg^s  in 
the  eniektsi  of  t!oors,  iit  sawdust,  et€. 

(Ii)  Pulex  penetrans  (StJteopHfffhi  prtirtntnH)^  the  mtndfrtt,  oeenrs  in 
Ki^nth  Africa  in  the  siind.  The  IVnuile  hiys  tier  ej^j]jsin  the  skin,  tln^i-eby 
eausin^  an  intenw*  iiitlaiiunatitni. 

(7)  riosquitos  provic^ed  with  stinging;  and  snckiiig  aii)»anitns  (i'nVtvi- 
thr  and  Tipttfiihc),  horse-flies  (TabfuMtr),  and  flies  ( Stoat tf.ri/hkv)  draw 
blood  frequently  from  the  .skin  of  man.      Varions  flies  {Q*Jntrithf\  l>iting 
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Fit,  «te. 
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Fio.  fttKl.-  l^rirt  of  AnJhomm  mnicnlari^.      ( Af tiT  Braun. )     Ahnut    -    6. 

Fio.  601— Ijirvtt  of  jWftJ«i/J  komit>*rm.     <Afler  Bniuii.)     AliOllt  X  6. 

Fig.  602,— 1.4irvtt  of  tAiciUn  ouu*  7'nln,     tAfu?r  llmiiii.)      AlMnit  A  «, 

Fig.  6<>a.  — Larva,  of  DtrtmUohtu  cijtiuivtntriJt.     *Attcr  BUncKiird  i     Almut  X  A, 
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bot-flies,  Mu^dae  or  Mow-Jlies)  occasionally  laj  tlieir  ^gs  in  the  skin,  in 
ulcers  or  woundfs  or  in  the  aeceasible  body -cavities,  in  consequence  of 
which  the  maggots  developing  cause  local  destruction  of  tissue  and  in- 
flammation (tnyiom).  Under  certain  conditions  their  larvse  (for  example, 
that  of  Anihomia  eanieularU,  Pig.  600)  may  get  into  the  intestinal  tract 
with  the  food  and  there  undergo  further  development  (myuim  intentimalis). 
This  is  espeeiaUy  likely  to  occur  when  abnormal  conditions  which  inter- 
fere with  digestion  are  present  in 
the  stomach  and  intestine.  The 
^9^  of  the  Muju^dw  (in  Europe 
usually  of  Sarcoph'da  trohlfafii  and 
JUwffa  ramitoria  [Fig.  601],  in 
America  of  Compwrnyia  or  Lmrilia 
maeellana  [Fig.  602],  and  Mwtta 
anihropophaga),  when  laid  upon 
the  mucous  membranes  or  in 
wounds,  hatch  after  a  few  hours, 
and  cause  destruction  of  the  neigh- 
boring soft  parts  through  their 
efforts  to  obtain  nourishment. 
In  the  auditory  canal,  nose,  and 
antrum  of  Highmore  the  bones 
may  be  laid  bare  (jnyiamJt  murom). 
In  the  course  of  about  a  week 
the  lar\'ae  leave  the  ulcers  and  pass  into  the  pupa  stage  in  the  earth.  The 
G^ridw  (in  Europe,  Hjfpoderma  horui  and  Hfpoderma  diana  ;  in  America, 
iPemuflobia  cyaMveninsf  [Fig.  603]  or  Cuterebra  noxiali4)  lay  their  eggs  Ufion 
wounds  or  in  the  intact  skin.  Thelar\se,  hatching  very  soon,  penetrate  into 
the  cutis  by  means  of  their  booklets,  and  after  several  slieddings  grow  in 
from  fnie  to  six  luonths  into  larger  larvae  about  2  cm.  loujr.  They  caiu^, 
]>arti(ularly  in  tlnMr  later  sta*res,  painful  swellings  of  the  neighlxjring 
tissue  (tiii/uixiM  axtntJUi). 


Pig.  n^—fi<uinfphauM  e^fuL    (Alter  Brmuert 
Male:   l#.  larra. 


Para-iie-  Uiniiziui:  to  tlie  .\fu*r\^i(F  and  (Kstruid  play  a  more  imiK)rtant  rrMe  in  the 
ca<e  of  the  domestic  animals  than  in  man;  and  the  larva* of  the  species  of  (Estrn*  in 
particular  occur  a^  para-ite**  in  animaU.  For  example,  tlie  larvae  of  Gasftrophilu*  eqm 
^Kijf.  (>04  .  (i'i<t.  }p(run»nt  and  (iaj4.  hamorrhouialt*  inhabit  the  stomach  and  adjacent 
portions  of  the  inte>tiiial  tract  of  the  hor^.  where  they  complete  their  development  up 
to  the  pupa-<taffe.  when  they  leave  the  animal. 

QBstnis  ovis  lays  its  larvae  in  the  nasal  cavities  of  sheep,  whence  they  may  wan- 
iler.  uniler  ct»riai:i  conditions,  into  the  frontal.  na.sal.  and  maxillarj'  cavities,  or  even 
into  the  cranial  cavity,  an.l  excite  inflammation. 

H '4 iHt- it rf 44j  or  (Kstr i.<  6</'i>.  the  biting  fly.  or  bot-fly.  laj*?  its  cgps  upon  the  skin  of 
cattle.  The  larva  lK>res  into  the  skin  an-1  enters  the  spinal  canal  of  cattle,  completiiuj 
hen'  it-'  .ievoli>pnu'nt  up  to  the  pupa-stace.  at  which  time  it  leaves  the  animal.  Accord- 
inir  to  Srhtu  .dftnuK!.  tl»e  Uirvip  .]o  not  alway>  enter  through  ih**  skin,  but  are  more  often 
taken  in  with  the  f(K>l.  where'.:r*on  they  i^netrate  through  the  wall  of  the  crsophaeus 
towarvl  tht*  >ki:i  and  spinal  CiTial.  The  latter  follows  from  the  fact  that  they  are  found 
in  the  wall  o\  the  *v<oph:i<:u>  from  <,Vtol>er  to  Jainiary.  and  under  the  skin,  on  the  other 
hand,  from  January  to  April.     In  the  skin  they  cause  the  so-called  *'  fly-lx)ils." 

S;rr« I ;»'.,.'« J  .•n»',.[/Wrr.  S'l^rifr.haqn  magmUca)  lays  its  larvsp  upon  the  skin  of  horses. 
sluvp.  cattle,  iloirs.  an<l  gee^c-.  Ltnlia  mncdlaria  lays  its  eggs  between  the  hind  legs  of 
lanib>  >ufTori!\i:  with  diarrhoea.  The  Uirva'  seek  tl>e  thick-wooled  {X)rtions  of  the  root 
of  the  tail  anvl  the  lumbar  region  and  bore  into  the  >kin. 
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Abdominal  cavity,  faulty  closure  of,  520 

Abortion,  506 

Abrachius,  525 

Abrin,  poisoning  by,  26 

Abscess,  340,  364,  580 

burrowing.  368 

chronic,  368 

cold,  630 

congestion,  368 
Abscess-membrane,  364 
Acanthocephala,  747 
Acardius  acephalus,  54 1 

amorphus,  541 

pseudoacormus,  541 
Acanna,  748 
Acarus  folliculorum  hominis,  750 

scabiei,  748 
Acervuloma,  437 
Acervulus  cerebri,  229 
Ace  to-acetic  acid,  77,  79,  80 
Acetone,  77,  79,  80 
Achirus.  528 
Achorion  sehouleini,  685 
Achromatopsia,  52 
Achyla  prolifera,  687 
Acids,  corrosive,  22 

acid-intoxication,  79 
Acme  of  a  fever,  92 
Acne,  580,  750 
Aconitine,  poisoning  by,  29 
Acrania,  513 
Acromegaly,  85,  270 
Actinomyces  or  ray-fungus,  550,  659 
Actinomycosis,  659 
Acuminate  condyloma,  367,  442 
Addiment,  119 
Addison's  disease,  87 

pigmentation  of  skin  in,  239 
Adenocarcinoma,  448,  468 

development  of,  462 
Adenocystoma,  448,  452 

papillary,  452,  453 
Adeno-cysts,  487 
Adenofibroma.  447 
Adenoma,  440 

alveolar,  446 

carcinoma tosum,  468 

conversion  of.  into  a  carcinoma.  462 

papillary,  446 

tubular,  446 

umbilical.  522 
Adenomata  and  carcinomata.  difficulty  of 

distinguishing  betwe»en,  447 
Adenoinyoma,  482 


Adenomyosarcoma,  492 

Adenosarcoma,  477 

Adipose  tissue,  atrophy  of,  193 

development  of,  295,  296 

pathology  of,  193 
Adipositas,  49,  194 
Adrenalin,  87 
iEgagropila*,  23^{ 
^Equatorial  plate,  280 
Aerobes,  557 

Age,  predisposition  in  old,  47 
Agenesia,  180 

partial,  of  the  cranium,  513 
Agglutination,  120,  121 
Agglutination  of  colon  bacillus,  599 

of  typhoid  bacillus,  109,  597 
Agglutinins,  109,  1 19,  120,  121 
Aggressins,  39 
Agnathia,  518 
A^rotis  segetum,  687 
Air,  entrance  of,  into  the  right  heart,  70 

embolism,  70 
Albinism,  257 

Albuminoid  bodies,  protective,  105 
Alcohol,  poisoning  by,  28 
Alexins,  104 

protective,  105,  106,  119 
Algor  mortis,  169 
Alkaloids,  toxic  cadaveric,  33,  38,  557 

vegetable,  19 
Alveolar  sarcoma,  425 
Amboceptor,  119 
Amelus,  525 
Amides,  553 
Amido-acids,  55:^ 
Amins,  553 

Amitotic  nuclear  division,  28.3 
Amme,  716 

Amnion,  pathological  conditions  of,  500 
Anmiotic  adhesions  a  cause  of  malforma- 
tions of  the  embryo,  50 
Amoeba  coli  felis,  690 

coli  mitis,  689 

coli  vulgaris,  689 

dysenteriffi,  689 
Amphibolous  stage  of  fever,  92 
Amphimixis,  59 
Amputation  neuroma,  301.  416 
Aniyelia,  total  or  partial,  508 
Amyloid  concretions,  220 

degeneration,  214 

local  infiltration  of,  220 
Anabiosis,  1.  9,  10 
Anaemia.  127,  13.3 
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AnaenL'a,  chronic,  127 

collateral,  134 

due  to  hookworm,  738 

due  to  tapeworm,  734 

general,  127 

localized,  129,  133 
Anaerobes,  551 
Anaplasia,  466 
Anaphylaxis,  122 
Anasarca,  151 

Anatomy,  general  patholpgical,  2 
Anchylostoma  duodenale,  43,  737 

americana,  737 
Androgynes,  536 
Anencephalia,  514 
Anencephalus,  total,  514 
Aneurism,  cirsoid,  402 
Angioma,  398 

arteriale  plexiforme,  402 

arteriale  racemosum,  402 

cavemosum,  400 

fissural,  399 

hypertrophicum,  402 

lymphaticum,  404 

plexiforme  arteriale,  402 
•  simplex,  398 

venosum  (varicosum),  411 
Angiomyoma,  410 
Angiosarcoma,  429 
Anguillula  intestinalis,  741 

stercoralis,  742 
Anhydrsemia,  127 
Anihne,  poisoning  by,  26 
Animal  aiseases  caused  by  cocci,  584 

parasites,  42,  689 
Anopheles,  44,  710,  712, 
.\ntagonism,  bacterial,  552 
Antlioiniii  canicularis,  754 
Anthrax-bacilli.  589 

attenuation  of.  592 
Anthrax,  protective  inoculations  apiinst, 
592 

symptomatic.  6(>6 
Antibacterial  substances,  lO:^,  109.  118 
Antibodies.  83,  104,  105 
Antimony,  poisoning  by,  23 
Antitoxins,  33,  104.  108,  109.  112,  118,  119 

of  diphtheria.  1 17 

production  of,  122 
Anus,  condyloma  latum  of  the,  643 
A})lasia.  167 
Aprosopia.  517 
A  pus.  525,  528 
Vpyrexia,  92 
Arachnida,  46,  48,  743 
Area  cerebrovasculosa,  514 

meduUovasciUosa,  508 
Argas  reflexus,  751 
Argyria,  256 
Arrhineneephalus.  515 
Arsenicismus,  pigmentation  in.  24(5 
Arsmiiun'ttod  hydrogen,  poisoning  by,  26 
Arteriolitlis.  146" 
Arteriosclerosis.  222 
Artery,  obliteration  of,  149 

terminal,  163 
Artliritis  urica,  231 


Arthropoda,  748 

parasitic,  43, 46 
Ascaris  lumbricoides,  735 

megalc  ephala,  736 

mystax,  736 

smlla,  736 

vituli,  736 
Ascites,  153 

chylous,  166 
Ascococci,  549,  563 
Asiatic  cholera,  671 
Aspergillus  flavescens  or  fiavus,  41,  682 

fumigatus,  41,  682 

niduGins.  682 

ni^r,  or  nigricans.  683 
Aspergillus-mycoses,  682 
Asphyxia,  5 

local,  172 
Astrocyte,  304,  414 
Atavism,  55,  499  * 

Atheroma,  442,  519 

Atmospheric    pressure,    effect    of    an    in- 
crease of,  14 

ePFects  of  sudden  lowering  of,  13 
Atresia  ani,  524 

ani  vesicalis.  525 

ani  urethralis,  525 

ani  ut«rina.  525 

ani  vaginalis,  525 

oris,  518 

recti,  524 

urethne,  524 
Atrophy,  184,  369 

active,  187 

brown,  185 

degenerative,  186 

disuse.  7,  189 

excentric.  185 

impaired  nutrition,  188 

neuropathic,  189 

passive,  187 

pigment,  185 

pressure,  KS8 

senile.  188 

simple.  186 
Atropine,  poisoning  by,  28 
Attenuation  of  bacterial  virulence,  1 12 
Attraction-spheres.  281 
Auditory   apparatus,   pathological    condi- 
tions of.  52 
Auditory  meatus,  cholesteatomata  in,  4  13 

mould-fungi  in,  679 
Autochthonous  pigment,  233 

teratomata,  496 

thrombi.  145 
Auto-intoxications.  75,  77 

enterogenous,  76,  77 

histogenous,  76 
Autolysin.  1 19 
Autolysis,  177.  191,  202 
Autolytic  ferments,  177 
Autosite,  545 
Awl-tail,  736 
Axis-cylinder,  sprouting  of,  304 

Racili.ack.ie.  586 
Bacilli,  549,  586 
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Bacilli,  acid-fast,  621 

capsulated,  006 

pathogenic,  588,  589 

polymorphous,  .588,  589 

saprophytic,  587 
Bacillus  acidi  lactici,  588 

a^rogenes  capsulatus,  605 

amvlobacter.  588 

antnracis,  589 

botulinus,  587 

butter,  621,  629 

butyricus,  588 

caucasicus,  588 

choleriP  suis,  668 

eoli  communis,  598 

comma,  671 

cyanogenes,  588 

diphtherisp.  608 

dysenteria?,  601 

eiiteritidis,  600 

fluorescens  liquefaciens,  588 

ieteroides,  614 

indicus.  551 

influenzie,  607 

lepra,  649 

mallei,  654 

mucosus  capsulatus,  606 

necrophorous,  669 

necroseos,  669 

necrosis,  669 

cedematis  maligui,  604 

paratyphosus,  600 

pertussis,  608 

pestis,  612 

phlegm  ones  emphysematosa^,  604 

phosphorescens,  551 

pneumoniae  of  Friedlander,  606 

prodigiosus,  588 

proteus  vidgaris,  587 

pyocyaneus,  589,  601 

smegma,  621 

subtilis,  ,588 

sui  pestifer,  668 

sui  septicus,  668 

tetaiii,  602 

typhi  abdomiualis,  594 
Bacill  is  of  anthrax.  589 

of  blackleg,  666 

of  bradsot ,  667 

of  bubonic  plague,  612 

of  chancroid,  614 

of  chicken-cholera,  669 

of  contagious  pleuropneumonia,  670 

of  diphtheria  of  calves,  669 

of  diphtheria  of  chickens,  669 

of  <liphtheria  of  pigeons,  669 

of  glanders  and  farcy,  654 

of  hipmorrhagic  septica;mia,  668 

of  influenza.  607 

of  leprosy,  649 

of  malignant  cedema.  604 

of  mouse  typhoid,  668 

of  oziena.  6(K) 

ol  paratyphoid,  597 

of  pseudo<liphtheria,  610 

of  pyelonephritis  of  cattle,  669 

of  reindeer  plague,  670 


Bacillus  of  rhinocsleroma.  657 

of  swine-erysipelas.  667 

of  SA'ine-plague,  668 

of  swine-septictemia,  668 

of  symptomatic  anthrax,  666 

of  tetanus,  602 

of  tuberculosis.  615 

of  typhoid  fever,  594 

of  yellow  fever,  614 

of  whooping-cough,  608 
Bacteria,  32,  549 

acid-resisti\ig,  621 

action  of,  559 

aerobic,  551 

anaerobic,  551 

association  of,  559 

attenuation  of,  560 

avenues  of  entrance  of,  .'>4 

cultivation  of,  561 

degeneration,  forms  of,  551 

distribution  of,  34 

ectogcnic,  34 

endogenic,  34 

enzymes,  33,  556 

ferments,  33,  556 

intoxication  due  to,  35 

local  effects  of,  35,  562 

metastasis  of.  36,  559 

movements  of,  550 

multiplication,  550 

non-pathogenic,  33 

oligomorphous,  549 

parasitic,  551 

pathogenic,  30,  33,  34.  558 

phosphorescence  of,  558 

polymorphous,  550,  588 

products  of,  33,  39,  556,  5:^7 

protection  against,  100 

red  sulphur,  553 

sapropnytic,  551,  564,  598 

spores  of,  551 .  553 

structure  of,  550 

that  cause  suppuration,  341,  579 

toxins  of,  35 

transmission  to  foetus  of,  559 
Bacteriacea?,  586 
Bacteria»mia,  36,  37 
Bactericidal  antibodies,  105,  109 

immune-bodies,  109 

sera,  122 
Bactcriotrypsms,  556 
Bacteriolysins,  119 
Bacterium,  586 

eoli  con\mune,  598 

lactis  aerogenes,  607 

of  hsemorrhagic  septicaemia,  668 

typhi,  594 

vulgare.  587 
Balantidium  eoli,  715 

minutum,  715 
Barber's  itch,  685 
Barbone  dei  bufali,  669 
Barlow's  or  Moeller's  disease,  160 
Basedow's  disease,  85 
Bedbug,  or  cimex  lectularius,  753 
Bedsore.  179 
Beggiatoa,  550 


Bladder,  urinary.  pa|nllarv  epithelioma  of. 

141 
BIa5;toma.  371 
BlastomyceUs.  41.  677.  681 
Blastomycetic  dermatitis.  41.  6S2 
Blastoniycoas.  41.  6S2 
Blebs,  ha-morrhagic.  159 
Blennorrhcra.  340 

of  the  eve.  582 
Blister.  329.*332 
Blood,  autibacterial  properties  of.  103 

coa^nilation  of.  135 

extravasations  of.  15S,  243 

increase  in  mass.  127 

parasites  of.  6^3.  695.  707 

protective  powers  of.  103.  109.  119 
Blood-cells,  red.  new  formation  of,  297 

ft  hite.  new  formation  of,  298 
Blood-curpiiscle  cells.  243 
Bloo>i-corpuscles.  red  and  colorless.  2MS 
Blood-current,  slowing  of.  138.  139.  320 
Blood-hyalin.  225 
Blood-pUtes.  140.  141 

escape  of.  from  the  Wood- vessels.  32:J 

thrombus  of.  140 
Blood-poisons.  2.3 
Blood-pressure,  124 

increased  arterial.  128 

increased  pulmonary.  129 

lowered  arterial.  128 

lowered  pulmoiULry.  129 
Blo«»l-serum.  IwicteHcidal  action.  lOcj 

immunizing  power.  112 
Blood-vessels,  alterations  of  waUs  of.  320. 
346 

h\'aline  degeneration  of  the  walls  of. 
222 

new  formation  of.  288 
Boiiy-louse.  7.V2 
Bone,  in  dermoid  cysts.  491 

necrosis  of.  3«i5 


fistube.  518 
Breast,  see  abo  Mammary  gland 

adenoma  of.  445,  446 
BreastA.  supernumerary.  534 

well-developed,  in  men.  534 
Bronchial  calcuu.  234 
Bronchitis,  purulent.  339 
Bronchopneumonia.  339 
Brood-capsules.  727 
Buboes  in  plague.  612 
Bubonic  plajgue.  612 

protection  against.  115 
Buddinz-fungi.  40,  677 
Budding  of  cells,  288 
Bums.  8 
Butter-badUi.  621 

Cachexia.  5.  168 

suprarenal.  87 

thyreoprival.  82 

tumor.  384 
C*adaveric  alkaloids,  19 

petechise  or  lividity.  132.  169 
Cadaverin.  33.  557 
Calcaneus,  chondroma  of.  392 
Calcification.  147.  226 
C^cium.  role  in  coagulation.  13S.  142 
Calculi,  biliarv.  234 

bronchiaf.  234 

dental.  233 

intestinal.  233.  237 

prostatic.  234 

salivary.  233 

urinary.  235.  237 
CaUus.  -269.  362 
Calmette's  theory  of  anthracosis.  637 

tuberculin  reaction.  622 
Calvarium.  atrophy  of  the,  187 
Cancer,  see  also  under  Carcinoma,  455 

cells,  457 

ceUs.  hydropic.  192.  475 

cylindncal-ceUed.  472 

onrlrkthi^linl     JOS 
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Carbon-nionoxide-gas  poisoning.  4,  25 
Carbon-bisulphide  poisoning.  26 
Carcinoma,  455,  468 

acinosum,  472 

adenomatosiim,  468,  472 

basal-celled,  471 

branchio^enic,  488 

calcification  in,  476 

chorionic,  474.  484 

colloides,  474 

cylindrical-celled,  472 

cylindromatosum,  475 

development  of,  455,  460,  4r>5 
in  adenoma,  462 
in  glands,  462 
in  mucous  membranes.  461 
in  papillary  epithelioma,  463 
in  skm,  460 

different  forms  of,  467 

durum,  473 

etiology  of,  456,  458 

formation  of  metastases  in,  480 

gelatinosum,  474 

giganto-cellulare.  475 

healing  of,  477 

hyaline  degeneration  in,  475,  476 

implantation  of,  484 

infiltration  of,  457,  480 

medullare,  472 

metastasis  of,  457,  480 

mucosum,  474 

myxomatosum.  475 

papilliferum,  478 

parasites  a  possible  cause  of,  456,  458, 
705 

petrifying,  476 

physaliferum,  475 

placental,  465 

recurrence.  484 

retrogradt*  changes  in,  457 

scirrhosum,  473 

simplex,  472 

solidum,  468 

squamous-celled,  469 

stnicture  of,  467 

subcutaneous,  488 

transplantation  of,  484 

tubular,  472 
Carcinomata,  455 

complete  petrification  of,  476 
Cardiac  muscle,  new  development  of,  302 
Caro  luxurians.  369 
Cartilage,  hyaline,  reprcxiuction  of,  293 

in  dermoid  cysts,  482 

metaplasia  oi,  315 

])igmentati()n  of,  241 

transformation  of,  into  reticular  tis- 
sue, 315 
Caseation,  175,  345 

in  tubercles,  620 
Castration,  effects  of,  88 
Catarrh,  329 

chronic,  3C58 

desquamative,  332 

mucous,  332 

purulent,  332,  340 

serous,  331 


Cattle,  actinomycosis  of,  659 

tuberculosis  of,  637 
Cattle-pest,  114,  585 
Cattle-plague,  115,  584 
Caustics  or  con-osive  agents,  22 
Cavernous  tumor.  400 
Cavity-formation  in  tuberculosis,  630 
Cebocephalia,  515 
Cell-division,  280 
Oil-protoplasm,  division  of,  282 
Cells,  hyaline  products  of,  225 
Cent  raf  corpuscles.  280 

group, 118 

nervous  system,  regeneration  of,  303, 
306 
Centrosomes,  280 
Ophalocele,  514 
Cephalothoracopagus.  542 
Cercariff,  716,  717 
C-ercomonas  intestinalis,  692 
Cerebrospinal  canal,  deficient  closure  of, 
513 

meningitis,  epidemic,  577 
Cerebrum,  ghoma  of,  413 

malformations  of,  514 
Cestoda,  721.  742 
Chain-cocci,  550,  563,  565 
Chancre,  hard,  642 

soft,  614 
Cheese-poisoning,  19 
Cheesy  degeneration,  1 75 
Cheilo-gnat  ho- palatoschisis,  517 
Chemicals,  as  producers  of  suppuration, 

342 
Chemotaxis,  348,  554 

and    chemotropismus,    negative   and 
positive,  102,  348 
Chemotropismus,  348 
Chicken-cholera,  669 

immunization  against,  113 
Chilblains.  9 

Childivn,  predisposition  of,  47 
Chills,  91,  93 
Chionyphe  Carteri,  665 
Chloasma  uterinum,  238 
Chloral  hydrate,  poisoning  by,  28 
Chloroform,  poisoning  by,  28 
Chloroma,  435 
Chlorosis,  Egyptian.  738 
Chola»mia,  76 
Cholem,  Asiatic,  671 

protective  inoculations  against,   114, 
674 
Cholera- red,  674 
C'holeratoxopeptone,  674 
Cliolesteatomata.  442.  486 
Cholesteriu,  2a3 
Cholesterin-calculus,  234 
Cholin.  38,  557 
Chondroadenoma,  492 
Chondroblasts,  292,  293 
Chuiidroitin-sulphuric  acid,  216 
Chondroma,  391 
Chondromyxoma,  387,  393 
Chondromyxosarcoma,  392 
Chondrosarcoma,  393,  492 
diordoma,  393 
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Chorio- epithelioma,  46(>,  474,  494 
Chorionic  villi,  carcinomatous  transforma- 
tion of,  465 
( -hromaffinic  cells,  .88 
Chromatin,  280 
Chromatophores,  239,  433 
Chromosomes,  280 
C-hylangioma,  405 
Chylopericardium,  166 
Chyhiria,  166 

Cicatricial  tissue,  274,  347,  354 
Cicutoxin,  poisoning  by,  28 
Ciliates,  715 
Cimex  lectularius,  753 
Cinnabar,  in  a  tattooed  skin,  255 
Circulation,     collateral,   development    of, 
133,  134 

of  the  blood  and  of  the  lymph,  dis- 
turbances in,  124 
Cirrhosis  of  the  liver,  370 
Cirrus,  723 
Cirrus-sac  of  Bothriocephalus  latus,  732 

of  taenia  solium,  723 
Cirsoid  aneurism,  40i3 

neuroma,  418 
Cladothrix.  550 

asteroidea,  665 
Clavus,  269 
Clay  eaters,  739 
Cleft-foot,  528 
Cleft-hand,  528 

Cleft  of  the  abdominal  wall,  521 
Clefts,  504 

of  the  face,  median,  518 

of  the  face,  oblique,  517 

of  the  thorax,  521 
Climate,  influence  of.  upon  man,  :V2 
Clitoris,  malformations  of,  .VJI,  537 
Cloaca,  formation  of.  521 
Clostridium,  549.  586 

butyricum,  588 
Clothing-louse,  752 
Clots,  post-mortem,  135 

lardacet)us.  135 
Cloudy  swelling,  190 
Cluhbed-hand,  530 
Club-foot,  congenital,  529 
Clustered  cocci,  549  • 

Coagula.  substitution  of,  361 
Coagulation,  135,  136,  141,  322 
Coagulation-necrosis,  1 74 
Coagulins,  1 19 
Cocaine,  poisoning  by,  28 
Cocci  or  coccacea*,  549,  563 

pathogenic,  564,  565 

.saprophytic,  564 
Coccidia,  42.  701 

reproduction  of.  704 
Coccidioidal  granuloma,  41 
Coccidium  fuscum,  705 

ovifomie.  101 

schubergi,  704 
Coccus  me.senterioides.  564 
Coccygeal  region,  bigorniiiud  teratoma  of, 

546 
Ca-n virus  cerebralis,  72(» 
Coitus  di.sease,  ()97 


Colchicine,  poisoning  by.  29 
Cold,  effects  of,  9 

abscesses.  630 
Colds,  9 
Collateral    circulation,    development     of, 

133,  134 
Coolies'  law.  62 
Collidin,  38,  557 
Collicjuation-necrosis,  176 
Colloid,  209 

cancer,  474 

different  uses  of  the  term,  211 

production    of,    by    epithelial    cells. 
210 
Color-blindness,  52 

Colorless  blood-corpuscles,  emigration  of, 
321 

increase   of,   relatively    to    the    red, 
321 

marginal  disposition  of,  321 
Coma  diabeticum,  79 
Commotio  cerebri.  16 
Compensatory  hyjjertrophy,  8,  127,  268 

of  the  heart-muscle,  127,  268 
Complement,  119 
Compsomyia.  754 
Conceptional  infections,  61 

ot  syphilis,  62,  648 

of  tuberculosis,  636 
Concretions,  226 

amyloid,  220 

calcareous,  228,  237 

free,  in  the  body.  233 

uric  acid.  235,  237 
Concussions,  effects  of,  16 
Condyloma  acuminatum,  367,  442 

latum,  643 
Congenital  predisposition,  4(i 
Congestion,  130 
Congest  ive-abseess.  3()S 
Conglutination,  140 
Conidia-bearers,  678,  680 
Conidia-spoies,  678 
Coniine,  poi.soning  by,  29 
Connective    tissue,   liyaline    degeneration 
of,  222 

transformation  of.  into  bone.  315 
Connective-tissue  stnictures,  regeneration 

of,  291 
Constitutio  epidemica,  33 

lymphatica,  89 

pest  liens,  33 
Constitutional  dis^^ases,  49,  81 
Contagion,  definition  of.  30 
Contagium  animatum,  32 
Continuous  fever,  92 
Convaleseence,  92 
Copnemia,  76 
Copula,  710 
Cor  villos'im,  333 
Conlyceps  militaris.  687 
Corn,  213,  269 

Cornification  of  epithelium,  212,  443,  7()."i 
Cornu  cutaneum,  264.  441 
Cornutin,  23 
Corpora  amylacea,  220 
Corpulence,  49 
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Corpus  luteum,  function  of,  89 
Corrosive  agents,  22 
Corynebacterium,  610 
Cotton-mill  anaemia,  739 
Cowpox,  111,  705,  707 
Cows,  tuberculous,  milk  from,  (V>8 
Crab-louse,  752 
Craniopagus,  542 

frontalis,  542 

occipitalis,  542 

parietalis.  542 
Craniorachischisis,  513 
Cranioschisis,  513 
Craniiun,  faulty  development  of,  513 

partial  agenesia  of,  513 
Crayfish  pest,  087 
Crenothnx,  550 
Cretinism,  S3 

operative,  83 
Crisis,  in  fevers,  92 
Crossed  embolism,  65 
Croupous  exudate,  332 

membrane,  formation  of,  on  mucous 
surfaces,  333 

pneumonia,  335,  577 
Cruor,  135 

Cryptogenic  infections,  41,  573,  580 
Cryptorchismus,  531 
Culex  pipiens,  698,  712 
Culiciclffi,  753 

Culture,  methods  of  bacterial,  561 
Curarine,  poisoning  by,  29 
Cutaneous  horn,  264,  441 
Cuterebra  noxialis,  754 
Cyanosis,  125,  132 
Cyelenoephalia  or  cyclocephalia,  515 
Cyclopia,  515 

Cylindrical-celled  cancer,  472 
Cylindromata,  438 
Cystadenoma,  448 

multilocular,  448 

papillary,  448 
Cyst-formatfon,  258 
('ysticercus  bovis,  725 

cellulosas  724 

pisiformis,  726 

racemosus,  724 

tenuicollis,  726 
Cystin,  77 
Cystin-calculi,  237 
Cystocarcinomata,  478 

papilliferum,  478 
Cyst  of  echinococcus,  728 
Cystofibroma,  453 
Cystomata,  448 

multilocular.  448 

j>apillary,  448 

simplex,  448 
Cystomyxoma,  453 
Cystosarcoma,  453,  492 
Cysts,  branchial,  486.  579 

degeneration,  260 

demioid,  485,  490 

ectodermal,  485 

entodermal.  486 

mesodermal,  486 

retention.  258 


Cysts, simple  teratoid,  485 

traumatic  epithelial,  466 
Cvst-worm.  727 
Cytase,  104,  119 
Cytolysins,  120 
Cytotoxin,  120 

Daltonism,  52 

Darier's  disease,  705 

Darwin,  56 

Daught€r-cysts  of  echinococcus,  728 

Daughter-stars,  281 

Daughter-tumors,  380 

Deaf-mutism,  52,  53 

Death,  1,  168 

apparent,  1.  170 

spots,  132,  169 
Decomposition,  169,  557 
Decubital  necrosis,  173 
Decubitus,  173,  178 
Deer-disease,  670 
Defect,  269 

Defervescence,  perioil  of,  in  fevers,  92 
Degeneration,  amyloid.  214 

colloid,  209 

fatty,  193,  19S 

granular,  190 

glycogenic,  205 

hyaline,  209,  222 

hydropic,  192 

lardaceous.  214 

mucoid.  207 

parenchymatous,  190 

waxy,  175 
Degenerations,  167,  186 
Deiter's  cells,  304 
Demodex.  750,  752 
T^ermanyssus  avium,  751 
Dermatobia  cyaniventris,  753,  754 
l^nnatocoptes,  751 

communis,  751 

cuniculi,  751 
Dermatocysts,  485 
Dermatomycosis  diffusa  flexorum,  fvSO,  ()S7 

furfuracea,  686 
Dermatophagus,  751 
Dermatoryctes  mutans,  751 
Dermoid  cysts,  486,  490 
Dermoids,  486,  494 
Desmobact<?ria,  549 
l>esmoid  tumor,  385 
Destnictive  placental  polyps.  4(M\ 
Determinants  or  determining  pieces,  (W) 
Deuterotoxin,  610 
Development,  disturbances  of,  49<S 
Dialjetes  mellitus,  79 
Diabrosis,  159 
Diai>ede8is,  160,  322,  324 
Diastatic  ferments,  556 
Diastematumyelia,  51 1 
Diathesis,  ha^morrhagic,  160 
Dicei)halu8  and  diprosopus,  542 
Digestive  juices,  action  upon  toxins,  98 
Digitalin  and  digitalein,  poisoning  by,  29 
Dimethylamin.  38 
Diphtheria,  608 

bacillus  of.  608 
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Diphtheria,    blood- serum    treatment    of, 
112,  114, 115 

eolumbarum,  669 
.     of  calves,  669 

of  chickens,  669 

of  pigeons,  669 

toxin,  610 
Diphtheritic  inflammations,  344 
Diphtheritis,  344 
Diplococci,  549,  563,  575 
Diplococcus  intracellularis    meningitidis, 
577.  585 

lanceolatus,  575 

pneumonia'   ( F  r  a  e  n  k  e  1 ,   Weichscl- 
baum),  575 

rheumaticus,  574 
Diprosopus,  542 
Dipygus,  543 

parasiticus,  547 
Disease,  extrinsic  causes  of,  4 

generalization  of,  63 

intrinsic  causes  of,  53 

invasion,  42 

latency  of,  1 

sequelae  of,  72 

spread  of,  €<i 

tne  symptoms  of,  I 

trophoneurotic.  74 
Diseases,  cause,  origin,  and  course  of,  I 

congenital,  44,  53,  61 

constitutional,  49 

general,  75 

inheritable,  44,  48,  53,  58 

intrinsic,  48 

local,  2 
Displacement  of  tiss-.ie  as  a  cause  of  tumor- 

fonnation,  376,  485 
Dispora  caucascia.  .'>88 
Distoma  felineuni,  719 

hjrmatobiuni,  719 

hepaticum.  716 

lanceolatum.  717 

pulmonale.  718 

sibiricum,  719 

spathulatuni,  71 S 

westermanni,  7 IS 
Distomia,  518 
Disnsi?  atrophy.  IS'.) 
Diverticulum.  Meckel's.  521 
Dochmuis  (luodenalis.  737 

stenoccphalus.  7-U) 

trisonoccphahis.  740 
Doubles  monsters,  .')3!) 

symmetrical.  541 

unetiual,  .541 ,  545 
Dourine.  697 

Dracvmculus  mc-dinensis.  746 
Drill-bone,  397 
Dropsv.  151 
DrustC  ()60 
Ductus  thoracicus.  obstruction  of,  166 

occlusion,  154 

rupture  of,  UU) 
Ductus  omphalomcsaraicus,  ,VJ2 

thyreo^lossus,  4S6 
Dung-fungi,  (V2\ 
Duplications,  .")32 


Duplicitas  anterior,  54 1 

parallela,  543 

posterior,  542 
Dura  mater,  endothelioma  of,  427 

osteoma  of,  396 

psammoma  of,  437 
Dust-diseases,  16,  367 
Dust-particles,  entrance  of,  into  the  Ixxiy, 
65,  256 

metastasis  of,  65 

protection  against,  98 
Dwarfs.  49,  181 

formation  of,  181 
Dyschromatopsia,  52 
Dyscrasia,  168 
Dysentery,  bacillary,  601 

due  to  amoebic,  690 

of  calves,  669 
Dystopia  renis,  531 

Ear-scab,  751 
Ebumeous  osteoma,  394 
Ecchondrosis,  392 

physalifera  sphenooccipitalis,  393 
Ecchymoses,  158 
Echinococcus  alveolaris,  730 

granulosus,  729 

hydatidosus,  729 

multilocularis,  730 

scolecipariena,  729 

veteriuorum,  729 
Echinococcus-cyst,  43,  728 
Echinorhyncus  gigas,  747 
Eclampsia.  77 
Ectodemml  cysts,  485 
Ectogenic  bacteria,  34 
Ectopia  cordis,  .521 

crunilis,  .531 

cruroscrotalis,  ,531 

iuguinalis,  53 

interna,  .531 

intestini,  .521 

pubica,  531 

testis,  ,>il 

vesica*  urinaria',  521 
Eczema.  .580 

marginatum,  686 
EffusijMis.  chylous,  166 

inflammatory,  329 

pvu'ulent,  340 
Egyj)tian  chlorosis,  738 
Ehilich's  side-chain  theory.  118 
Elastic  fibres,  development  of,  292 
Electric    discharges,    powerful    eff"ect    of. 

157 
Elephantiasis.  2^3.  269,  .367,  5-31,  747 

(ira^coruni,  649 

luemangiomatosa,  263,  401 

iipomatosa.  26;i 

lymphangiectatica,  263 

neuromatosa.  263,  417 
Embolism,  64.  65,  68,  149 

air,  70 

crosstui,  65 

fat,  67 

paradoxical,  65 

retrograde,  65 
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Embolus^  riding,  68 

septic,  148 

straddling,  68 
Embryoid  tumors,  492 
Embryoma,  492 

Embryonal  tissue,  transplantation  of,  311 
Embryonic  tissue,  291 

development  of,  in  a  throniboaed  ar- 
tery, 862 
Emi^rration  of  white  cells.  321 
Emphysema  of  the  skin,  70 
Emphysematoiis  gangrene,  178,  604 
Empusa,  varieties  of,  687 
Empyema,  340,  364 
Encephalocele,  514 

Encephalomeningocele  nasofrontalis,  514 
Enchondroma,  391 
Encranius,  547 
End-arter;^,  132,  163 
Endocarditis,  571 
Endochondritis  syphilitica,  648 
Endothelial  cancer,  428 
Endothelioma,  425 

hsemangiotic,  482 

lymphangiotic,  425 
Endothelium,  proliferation  of,  288 
Endotoxins,  33,  39,  557 
Engastrius,  547 
Enostoaes,  394 
Enterocysts,  487 
Enterogenous  intoxication,  76 
Enteroliths,  233 

Entodemial  epithelial  cysts,  476 
Entodinm  caudatum,  715 
Entogenic  parasites,  31 
h^itozoa,  42 
Enz;krme8,  39,  98,  556 
Eosinophile  cells,  225,  744,  745 
Ephelides,  406 
Epidemic,  definition  of,  31 
Epidermoids,  443,  485 
?]pigastrius,  547 
Epignathns,  547 
Epipygus,  546 
Epispadias,  521,  524 
Epistaxis,  156 

Epithelial  cysts,  ectcxlemial,  entodermal, 
and  mesodermal,  478 

after  transplantation,  312 

dennoid,  478,  490 

epideniioid,  478 

traumatic,  466 
Epithelial  pearls,  213,  442,  470 
Epithelioid  ceils,  301,  351.  609,  618 
Epithelioma,  140 

adenontatosum  benignum,  440 

contagiosum,  702 

papillary,  440,  442 

syncytiomatcxles,  495 
Epithelium,  atypical  growth  of,   in   carci- 
lioma.  455 

hyperplasia  of,  286 

metaplasia  of,  318 

misplarcd,  development  of  a  cancer 
from,  465 

pathological  cornification  of,  212.  41.^ 

protective  powers  of,  97,  100 


Epithelium,  regeneration  and  hyperplasia 
of,  286 

transplantation  of,  310,  486 
Epizoa,  42,  752 
Ergotism,  23 
Erysipelas,  567 
Erythema  multiforme,  571 
Ervthrasma,  41,  686 
Erythroblasts,  297 
Erythrocytes,  regeneration  of,  297 
Erj'throcytolysis,  136 
Erythrocytorrhexis,  136 
Ervthroc^^oschisis,  136 
Ether,  poisoning  by,  28 
Ethmocephalia,  515 
Ethmoid  bone,  osteoid  sarcoma  of,  435 
Ethylendiamin,  38 
Etiology,  1 
Eumycet.es,  40 
Eurotium,  680,  683 

malignum,  680 
Eustrongylus  gigas,  740 
Eventration,  521 
Exencephalus,  514 
Exhaustion  due   to  excessive   functional 

activity  of  an  organ,  6 
Exostosis,  265,  394.  532 

cartilaginous,  395 

connective-tissue,  395 
Exstrophia  intestini.  521 

vesicae  urinariaii,  521 
Extravasate,  158 
ExtravasatioiLs  of  bloo<l,  158,  242 
Extremities,    defective    development    of, 
525 

duplication  of,  532 
Exudate,  cellular,  326 

croupous,  332 

fibrinopurulent.  341 

fibrinous,  332 

hiemorrhagic,  337 

purulent,  340 

serofibrinous,  332 

seropurulent,  341 

serous,  331 
Exudates,  absorption  of,  346,  361 
Exudation,  320 
Eye,  i-egeneration  processes  in,  307 

Face,  malformations  of,  517 

Facial  hemiatrophy,  189 

Facies  leontina  in  leprosy,  651 

l^^acultative  anaerobes,  551 

Fallopian  tube,  dropsy  of  the.  2(>0 

Farcy,  654 

Fastigium,  92 

Fat-emboHsm,  67 

Fat-granule  cells,  197 

Fatigue,  7 

Fats.  the.  197,  20.3 

Fat-synthesis,  197 

Fat-tiasue,  atrophy  of.  193 

new  formation,  295 
Fat -transport  at  ion,  201 
Fatty  degeneration,  198 

depasit,  193 
Favus,  41,  685 
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Febris  continua,  92,  709 

intermittens,  92 

malariaformiH,  712 

quartana,  707 

({uotiiiiana,  707 

recurrens,  92 

remittens,  92 

subcontinua,  92 

tertiana,  707 
Feet,  abnormal  positions  of,  52.'),  .529 
Felt-louse,  752 
Femur,  absence  of.  527 
Fermentation,  556,  .557 
Ferments,  diastatic  and  inverting.  5,56 

glycolytic,  81 
Fever,  90 

bactericidal  action  of,  1 10 

black.  698 

blackwater,  71 1 

cachectic.  698 

continuous,  92,  709 

etiology.  93 

intermittent.  92 

malarial,  the  cause  of.  707 

nature  of,  95 

relapsing.  94.  69.3 

remittent,  92 

scarlet,  705 

stages.  91 

subcontinuous,  92.  709 

typhus,  705 

vellow,  cause  of,  614.  699 
Fibnilated  connective  tissue,  development 

of.  291 
Fibrin.  1.36 
Fibrin-ferment,  137.  142 

membrane.  140 
FibrinogcTiic  substance.  138.  142 
Fibrinopnruleiit  oxutlates.  341 
Fibrinous  deposits.  332 

e\u<lates.  332 
Fibro-adenoHia.  447 

convorsioTi  of.  into  a  carcinonia.  464 

iutracanalicMdar.  447 

papilliferum.    447 

poricaiialifMilar.  38(i,  447* 
Fibroblasts.  292.  351 
Fibroepithelioiua.  papillary,  442 
Fibrolipoma,  3S9 
Fibroma.  385 

intracanaliculare.  447 

multiple.  387.  416 

(i'(l(«iiiatou.>?'.  38f) 

papillare.  442 

pcricanaliciilare.  3K6.  447 
Fibromatosis  of  tin*  nerves.  417 
Fibrouivoma.  41 1 
Fibromyxoma.  3S7 
I'ibrosareoma.  423 
I'ilaria  baii'Tofti.  16(),  269.  747 

liaTiuitiea.  747 

ha'Uiorrhaiiica.  748 

in<"lii)»'nsi"«.  74') 

iMultipapillosa.  74S 

papilloma.  717 

saniriiini^  hominis.  HW*.  746 
riu;rer<,  dwarfiim  of.  52S 


Fingers,  malformations  of,  528 

multiplication,  532 
Finkler-Prior  spirilla,  674 
Finisen  light-treatment.  10 
First  intention,  rep.iir  by,  357 
Fish-|>oisoning,  19 
Fission-fungi,  549 

methods  of  examining,  560 

pathogenic,  558 
Fissura  abdominalis.  520 

abdominalis  intestinalLs.  521 

genitalis,  521 

sterai,  521 

vesicae  urinaria*,  521 

vesico-intestinalis,  .521 
Fistula  colli  congenita,  518 
Fistulous  tracts,  340 
Flagella,  550 
Flagellates,  691,693 
Flat  foot,  530 
Flea,  or  pulex  irritans,  7.53 
Flemming's  germ-centres,  298 
Fleshy  moles,  406 

wart,  406 
Flies,  biting  ((Estrida?),  753 

blow  (MuscidsBV  7,54 

hot  ((EstridaB),  7,53 

common  (StomoxyidaO,  75;i 

stin^ng  (Muscida?),  7.5.3 
Foamy  hver,  605 

organs.  605 
Foetal  glands,  persistence  of.  487 

glands,   remains,   development    of    a 
cancer  from,  465 
Foetus  papyniceus,  541 

syphilitic  infection  of,  by  eitluT  tl»e 
sfK'nn  or  the  ovum.  64 S 
Footl,  effects  of  lack  of.  5 
Fot»t-and-mouth  disease.  11  \,  o^s.'y.  (i70 
Foot,  cleft,  528 

Food.s.  poisoning  by  s[)oiled.  19 
Foot-itrh  of  chickens,  751 
Foreign  bcnly  in  inflammation.  3(>4 

in  cyst,  260,  353 

in  giaut-cell,  3,5.3 
Formative  cells,  292 

.stimuli.  277 
Fowls,  typhoid  of.  669 
Fragmentation.  28.3 
Freckles,  239,  406 
Freezing,  effects  of,  9 

gangiene  due  to.  179 
Friedlaiider's  pneumobacillus.  (50<i 
Frog  fa^tus.  513 
Fuchsinophile  bcnlies.  221 
Fungous  granulations,  369 
Fungus  medullaris,  373 
Furuncle.  .580 

Ci ADiMN,  38,  .557 

Ciall-ducts,  adenm-vstoma  of.  449 

r.all-stones,  234 

(laniba  fever.  697 

Ctangliou-cells.  new-fonnation  of,  3(n 

Clanicrene,  17S 

black,  I7S 

drv,  178 
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Gangrene,  emphysematous,  174,  G08 

ihic  to  freezing;,  179 

due  to  heat.  179 

infectious,  179 

marasmic,  179 

moist,  178 

neuropathic,  179 

pressure,  179 

putrid,  178,  345 

senile,  179 

symmetrical,  179 

toxic,  179 

white,  178 
Gangrenous  inflammation,  345 
Gas,  irrespirable.  23 
Gas- phlegm  on,  604 
Gastropachia  pini,  G87 
Gastrophilus  ecjui,  754 

ha?morrhoidalis,  754 

pecoruni,  754 
Gastroschisis,  520 
Genitals,  external,  development  of,  538 

malformations  of,  523 
Germ-centres  of  Flemming,  298 
Germ-sac,  primary,  716 

secou(Iary,  716 
Germ-variation,  primary,  58,  499 
Germinal  anlage,  mi.splace<l,  485 
Germinal  transmission  of  disease,  61 
Giant-cell  sarcoma,  423 
Giant-cells,  283,  353 

embolism  of,  69 

foreign  body,  353 

in  tubercles,  618 

nuiltinuclear,  283,  353 

plasmodial,  28,3 

syncytial,  284 
Giant  growth,  general,  49,  262,  531 

growth,  partial,  262,  531 
Giants,  49,  255 
Girald^s.  organ  of,  538 
Gland-activity,  cessation  of,  79 
Glanders,  654 

Glia-cells,  new-formation  of,  304 
Glioma,  413 
Glioma tosis,  415 
Gliosiircoma,  414 
Globulicidal  antibodies,  105 

serum,  120 
(ilossina  morsitans,  697 

palpalis,  697 
Glycogen,  204 
(ilycosuria,  79 

Gnats  (Culicida*  and  Tipulida*),  753 
(ioblet-cells,  207,  453 
Goitre,  84 

exophthalmic,  85 
Gonococcus,  582 
Gonorrhoea,  cause  of,  582 
Gout,  49,  77,  231 
Gouty  deposits,  77,  232 
Granula,  241 

Granular  degeneration,  190 
Granulation  tissue.  347,  353,  354 

formation  of,  354,  359.  36:^ 
Granulations,  chronic,  368 

).mgas,  369 


Granulation  tumors,  infectious,  368 
Granules,  hyaline,  224,  225 
Granuloma,  coccidioidal,  682 
Granulomata,  369 
Grape-mole,  465 
Grass-bacilli,  621 
Gravel,  235 
Graves'  disease,  85 

Greenish   coloration  in   decomposing  ca- 
davers, 170 
Grossammen,  716 
Ground  itch,  738 
Gro^\'th,  causes  of,  277 
Guinea-worm,  746 
Gummata,  645 
Gynecomastia,  534 

HiEMANGIO-ENDOTHELIOMA,  402,  429 

Ha^mangioma,  398 

cavemosum,  410 

hypertrophic um,  412 

plexi forme,  402 

simplex,  398 
Hffimangiosarcomata,  431 
HsBmangiotic  endothelioma,  402,  432 
Hsematemesis,  158 
HsBmatidrosis,  158 
Hffimatocele,  158 
Hffimatochyluria,  747 
Hsematoidin,  243 
Haematoma,  158 
Haematometra,  158 
Hsematomonas,  695 
Haematuria,  158 
Haemochromatosis,  242,  247 
HaBmofuscin,  238,  240 
Haemoglobin,  243 
Haemoglobinaemia,  246 
Haemoglobinuria,  246 
Hcemolysin,  25,  120 
Haemolytic  poisons,  25,  26 

sera,  105 
Haemopericardium,  158 
Haemophilia,  60,  150 

acquired,  160 

congenit:;l,  50,  160 

of  cattle,  712 
Haemoprot^us  noctuae,  698 
Haemopto^  or  haemoptysis,  158 
Haemorrhage,  158,  236 

diabrosin,  159 

diapedesin,  159 

rhexin,  159 
Haemorrhagic  enteritis,  587 

septicaemia,  668 
Haemosiderin,  244 
Haemosiderosis,  247 
Hsemosporidia,  707,  711 
Hsemotnorax,  158 
Hair-fungi,  550,  665 
Hairs  in  dermoid  cysts,  486,  496 
Hairy  polypi,  495 

tongue,  213 
Halteridmm,  698 
Hand,  cleft,  528 

clubbed,  530 

malformations  of,  525 
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Hands,  abnonnal  positions  of,  529 

Hanging-drop  cultures,  562 

Haptins,  39,  120 

Harelip,  517 

Harvest-mite,  752 

Hay-fever,  46 

Head,  malformations  of,  513 

Head-louse,  752 

Healing  by  first  intention,  357 

by  second  intention,  357 

powers  of  the  human  body,  108 

serum,  113 
Heart,  action  of,  124 

disturbed  action  of,  125 

fibroid  area  in,  363 

increased  action  of,  127 

valvular  lesions,  126 
Heart-muscle,  compensatory  hypertrophy 
of,  127,  267 

hypertrophy  of,  127 

pigment  of,  246 

rigor  mortis  of,  170 

tiger,  201 
Heart  poisons,  28 
Heart-polypi,  145 
Heat-exhaustion,  8 
Heat-stroke,  8 
Helcosoma  tropicum,  699 
Helleborin,  poisoning  by,  29 
Helvellic  acid,  poisoning  by,  26 
Hemiatrophy,  congenital,  189 

facial,  189 

infantile,  189 
Hemicrania,  514 
Hepatitis,  chronic,  370 
Hereditary  pieces  or  determinates,  60 
Hereditary  transmission,  atavistic,  55 

collateral,  55 

dirc^ct,  54 

pseudo-form  of.  61 
Heredity,  degenerative,  54 

identical,  54 

theories  concerning,  55,  56 

transformational,  54 
Hcnnaphrodisni,  false,  535 

true,  'y,ir> 
Hernia  basalis-,  515 

cerebri,  514 

funiculi  umbilicalis,  520 

lateralis,  515 

nasoethmoidal  is,  515 

nasofroutalis,  515 

iiasoorbi talis,  515 

occipitalis,  5H 

sphenoorbitaiis.  515 

s])henoma\i!laris.  515 

sphenoiiharynjrca,  515 

syncipitalis.  515 

unil>iiical,  520 
HerpcH  tonsurans,  41,  fVS5 
Herpetoinonas  lewisi,  605 
Ilerpetosonia.  605 
Moterakis,  736 

Hetcrotopous  lissue-s^rowths,  485 
Hexaniitus  «luodenalis,  692 
Histoid  tumors,  372 
Hog-cholera,  668 


Holorachischisis,  508 

Holoschisis,  280 

Homo  delinquens,  50,  55 

sapiens,  51 
Hook-worm,  737 
Horn,  cutaneous,  264,  441 
Homy  warts,  264,  441 
Horse-flies  (Tabanid»),  753 
Humerus,  osteochondroma  of,  397 
Hunterian  induration.  642 
Hj'alin,  connective-tissue,  222 

epitheHal,  209 

exudative,  225 
Hyaline  cartilage,  reproduction  of,  293 
Hyaline  degeneration,  222 

of  connective  tissue,  222 

of  connective  tissue  of  heart .  223 

of    connective  tissue    of    vessel-wall, 
223 
HyaUne  exudations,  225 

products   of    connective-tissue    cells. 
224 

thrombi,  225 

tissue-necrosis,  225 
Hydatid  mole,  465 
Hydatids,  727 
Hydrencephalocele,  514 
Hydrocele  colli  congenita,  519 
Hydrocyanic-acid  poisoning,  25 
Hydrogen-sulphide  poisoning,  25,  26,  76 
Hydromeningocele,  510 
Hydromyelocele,  510 
Hydropic  degeneration,  192 
Hydrops,  151 

acliposus,  156 

chyUformis,  156 

chylosus,  156 
Hydrorachis,  ,508 
Hydrothorax  chylosus.  166 
Hygroma  colli  congenitum,  405 
Hyoscyamine,  poisoning  by,  28 
Hypera^mia,  active,  130.  131 

local,  130,  131 

passive,  131 

venous,  general,  125,  131 
Hyperkeratosis.  213 
Hypermastia,  534 
Hyi>eronychia,  264 
Hy|KTostosis,  367 
Hyi)erparatliyreosis,  85 
Hyperplasia,  262,  285,  367,  369 
Hy|MTpyre\ia,  91 
Hypersiisreptihility,  122 
Hyperthelia,  534 
Hyperthyroosis,  85 
Hypertrichosis,  264 
Hypertroi)hy,  262 

com[)ensiit  ory ,  127,  268 

due  to  lessened  use,  268 

due  to  non-resolution,  268 

due  to  over-work,  7,  267 

(hie  to  removal  of  pressure,  269 

inHanunatory,  269 

of  a  niusele  or  gland,  7,  447 

of  the   tissues  and  orpins.  2(>2.  265, 
2()7 
Hyi)ha'.  40,  678 
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[yphomycetes,  550,  077 
Lypochondria,  18 
[ypoderma  bovis,  754 

diana,  754 
[ypophysis,  85 
[ypoplasia,  180 
[yposarca,  151 
[ypoepadias,  523 
[ypostasis,  133 

post-mortem,  132,  169 
[ypostatic  congestion,  133 
[ysteria,  18 

SHTHYOSIS,  263 

congenita,  26:^,  264 

hystrix,  2(>4 
3hthyotic  warts,  264,  440,  441 
3hthyotoxin,  20 
iterus,  251 

neonatorum,  251 
iioeyncrasy,  46 
mraune-body,  1 19 
mmune-sera,  119 
nmunity,  44,  45,  99 

acquiring  of.  111,  118 

active,  1 13 

against  poisons.  99,  118 

Ehrlich's  theory  of,  118 
mmunization,  active  and  passive,  113 
^plantation,  309.  312,  486,  496 

bigerminal,  496 

monogerminal,  496 
nactivity,  effects  of,  7 
nclusio  foptalis,  547 
[idolent  ulcers,  368 
nduration,  Hunterian,  642 
tifarct,  anaemic,  163 

embolic,  164 

hflBmorrhagic,  158,  163 

healing  of,  164.  362 
nfection,  30,  39,  559 

by  means  of  animal  parasites,  42 

cryptogenic,  37,  573,  580 

double,  38,  559 

haematogenous,  36,  37 

insects  as  conveyers  of,  43 

intra-ut<;rine,  37,  559 

lymphogenous,  36,  37 

metastatic,  36,  37 

mixed,  38 

origin  of  disease  through,  30 

protection  against.  100,  111 

secondary,  38.  559.  635 

spread  of,  l)y  mosi{uitos.  44,  712.  753 

spread  of,  from  mother  to  foptus,  37, 
61,  559 
nfectious  dist^ases.  30 

healing  of.  108 

inheritance  of,  37,  61 

local,  35 
nfectious  foci,  metastatic,  36 
nfiltration,  326 

growth  of  tumors  by.  380 

purulent.  340 

serous.  331 

small-celled.  339 
tifilt rations  of  the  tissues.  167.  32() 
49 


Infiltrative  mode   of  growth   of  carcino- 

mata,  480 
Inflammation,  319 

catarrhal,  331,  340 

chronic,  365 

clinical  significance  of  the  term,  323 

croupous,  333 

different  forms  of,  331 

diphtheritic,  344 

excretory,  320 

fibrinous,  332 

interstitial,  328 

metastatic,  320 

necrotic,  343 

parenchymatous,  329 

purulent,  340 

superficial,  329 

suppurative,  340 

termination  of,  345,  347 
Influenza-bacillus,  607 
Infusoria,  715 
Inheritance  of  pathological   peculiarities, 

48 
Initial  sclerosis,  642 
Injection  of  steriUzed  cultures.  1 12 
Innervation,  disturbances  of,   16.   17.   77, 

129 
Inoculation,  111 

Inoculation  of  attenuated  8i)ecific  disease- 
germs,  HI 
Insanity,  inherited,  50.  54 
Insecta,  752 
Insects,  43.  752 
Insolation,  8 

Insusceptibility  to  poisons,  40 
Intermediate  body,  1 19 
Intermittent  fever,  92 
Internal  secretion,  79 

secretion,  disturbances  of,  75,  79 
Interstitial  inflammation.  328 
Intestinal  intoxications,  35 

mucous  membrane,  adenoma-like  pro- 
jection of,  487 
Intestine,    abnormal    positions    of,    520, 
530 

tubular  adenoma  of,  444 
Intoxication,  bacterial,  35 
Intoxication,  origin  of  diseases  through, 

18,  75 
Invasion-disease.  45 
Inversio  intestini.  521 

vesica*  urinariff,  521 
I(Kiothyrin,  84 
Iron,  assimilation  of,  249 

content  of  foods,  6 

deposit,  256 

insufficiency  of,  6 

reaction,  244 
Iron-free  pigments,  243,  249 
Irradiation,  10,  14 
Ischa^mia,  localized,  Vili 
Ischiopa^us,  541 
Isolysm,  120 
Isotricha  prostoma,  715 
Isthmus,  the.  of  aorta,  127 
Itch-mite,  748 
Ixodes  ricinus.  750 
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Janice  PS,  543 
Janus-head,  643 

Jarrings  of  the  uterus  as  a  cause  of  mal- 
formations of  the  embryo,  499 
Jaundice,  251 

Jaw,  actinomycosis  of  upper,  662 
giant-cell  sarcoma  of,  424 
lower,  absence  of,  518 

Kakerlaken,  257 

Kakk6,  19 

Kdla-azdr,  698 

Karyokinesis,  280 

Karyolysis,  171 

Ivaryomitosis,  280 

Karyorrhexis,  171 

Kedani  disease,  751 

Keloid.  387 

Kephir,  588 

Kephir-ferment,  588 

Keratin,  212 

Keratohyalin.  212 

Keratosis  follicularis,  705 

Ividney,  amyloid  degeneration  of,  218 

arteriosclerotic  atrophy  of  the,  188 

cloudy  swelling  of.  191 

compensatory  hypertrophy  of,  287 

contracted,  370 

cystoma  of,  450 

deposits  of  fibrin  in  the,  337 

senile  atrophy  of,  188 

streptococcus  infection  of,  572 
Kinetoses,  18 
Klasmatocytes,  299 
Kribbelkrankheit ,  23 
Krumelzellen,  354 
Krystalhvulst,  307 

Labia  majoha  and  minora,  defective  de- 
velopment of,  524 
Labium  leporinnm.  517 
Lamblia  intestinalis,  692 
Lardaceous  dej^eneration,  214 

spleen.  214 
Larynx,  papillary  epithelioma  of.  441 

syi)hilitic  ulceration  of  the,  647 
Latency  of  (iisea.se,  1 
Lead,  deposit  of,  256 
Lead-poisoning.  23 
lieiomyoina.  4(H) 
Leishmani  donovani,  699 

infantum,  699 

wrijLditi,  699 
Lens,  regeneration  of,  307 
Lentigines,  236,  409 
1^'ontiasis  ossea,  265.  ,')32 

leprosa.  6.')1 
Le})ra  lor  leprosy),  649 

ana'stlietica.  ().')3 

maculosa,  753 

mutilans.  653 

nervorum.  ()52 

nodosa,  ()'y2 

tuberosa  sive  tuberculosa.  6.)2 

ulcerosa,  ()52 
Leprosy,  (>49 

white,  of  the  Jews.  2.")S 


Leptothrix,  540 
Leptus  autumnalis,  750,  752 
Leucocytes,  106,  110,  298,  321,  339,  350, 
351 

emigration  of,  321,  324 

mai^ginal  disposition  of,  321 

new-formation  of,  298 

varieties  of,  298 
Leucocythsemia,  298 
Leucocytosis,  298 
Leucoderma,  258 
Leuconostoc  mesenterioides,  564 
Leucopathia  acquisita,  257 

conj^enita,  257 
Leucotrichia,  257 
Leuksemia,  298,  682 
Leydenia  gemmipara,  690 
Lice,  752 

Life-trophoblasts  or  biophores,  60 
Light,  effects  of,  10,  14 

influence   of,    upon   development    of 
bacteria,  551 

ultraviolet,  10 

violet,  10 
Lightning  figures,  15 
Lightning-stroke,  14 
Lime-salts,  deposit  of,  226 
Linguatulidffi,  748 
Lip,  carcinoma  of,  461 

malformations  of,  517 
Lipochrome,  238,  240 
Lipofibroma,  389 
Lipoma,  389 
Lipomatosis,  49,  194 
Lipomyxoma,  389 
Liquefaction-necrosis,  1 76 
Litnocelyphopa^di(m,  507 
Lithocelyplios,  .507 
Lithopanhon,  506 
Liver,  abscess  of,  690 

amyloid  degeneration  of,  215,  217 

angioma  cavernosum  of,  399 

chronic  inflannnation  of,  370 

cirrhosis  of.  370 

coccidia  disease  of,  701 

corset,  189 

cystoma  of.  449 

foamy,  605 

gumma  of.  646 

hypertrophy  of.  287 

multilocular  adenocystoma  of,  450 
Liver-fluke,  716 
Livores,  132,  169 
Lucilia  macellaria.  753.  754 
Lungs,  actinomycosis  of  the,  661 

fibrinous  exudates  in  the.  337 

induration  of,  367 

mould-fungi  in  the,  679 

red  hepatization  of  the.  337 

syphilitic  disease  of  the.  64S 

tuberculosis  of  the,  617.  619,  62S,  629 
631.632 
Lupus  of  the  skin.  626  ' 

Luxations,  congenital,  529 
Lymph,  antibacterial  properties  of.   102 

formation  of,  151 

hindrance  to  flow  of,  154 
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Lymphadenoid  tissue,  reproduction  of,  295 
Lymphfiemia,  298,  436 
Lymphangioendothelioma,  425 
Lymphangioma,  404 

cavemosum,  404 

cystoides,  404 

hypertrophicum,  405 

simplex,  404 
L^inphangiosarcoma,  425 
Lymphangoitis.  37 
Lymphatic  constitution,  89 
Lymph-fistula,  J  66 

Lymph-glands,  action  of,  as  filters,  102 
Lymphocytes,  322,  350,  351 
Lymphorrhagia,  165 
Lymphosarcoma,  421,  436 
Lymph- vessels,  new-formation,  290 
Lysis,  in  fever,  92 
Lysogenous  substance  of  Frankel,  109 

Macrocheilia,  405 

Macrogamete,  704,  710 

Macroglossia,  405 

Macrostomia,  518 

Madura  disease  or  Madura  foot,  665 

Maidismus,  41 

Malanders,  751 

Malaria.  707 

forms  of,  708 

in  animals,  711 

pigment  in,  249 

Plasmodia  of,  708 

the  cause  of,  708 
Malformations,  498 

congenital,  498 

ctioTo^,  499 

varieties,  503 
Maliasmus,  654 
Malignant  cedema,  604 

tumors,  384 
Mallein,  656 
Malleus,  654 
Mai  perforant,  179 
Mammary  gland,  adenoma  of,  445 

carcinoma  of.  470,  471,  472 

endothelioma  of,  426 

intracanalicular  fibroma  of,  447 

mucous  carcinoma  of,  473,  474 

papillary  cystocarcinoma  of,  464 

papillary  cystoma  of,  454 

tubular  adenoma  of,  464 
Marasmic  thrombi,  145 
Marasmus,  8,  165 
Margarin  crystals,  203 
Marginal  disposition  of  leucocytes,  321 
Mast-cells,  225,  354 
Masti^ophora,  691 

Mastoid  antrum,  cholesteatomata  in,  443 
Measles  of  tsenise.  721,  724 

of  trichina,  745 
Meat-poisoning,  19,  35,  587,  600 
Meckel's  diverticulum,  521 
Mediastinal  dermoids,  486 
Medullary  cancer,  472 
Mi'gastoma  entericum,  692 

intestinale.  692 
Melipna  neonatorum,  160 


Melanin,  238,  240 
Melanomata,  405 
Melanosarcomata,  433 
Melanosis  of  internal  organs,  24 1 
Melasma  suprarenale,  87 
Membrane,  pyogenetic,  364 
Meningitis,  epidemic  cerebrospinal,  577 
Meningocele,  509,  514 
Meningococcus,  577 
Meningo-encephalitis  syphilitica,  644 
Meningo-encephalocele,  514 
Menorrhagia.  158 
Merismoi>edia,  549,  550,  563 
Meroracnischisis,  508 
Merozoites,  701,  704 
Mesodermal  epithehal  cysts,  486 
MetaboHsm,  bacterial,  556 
Metaglobulin,  142 
Metakinesis,  281,  282 
Metamorphosis,  viscous,  140 
Metaplasia,  epithelial,  318,  58:i 

of  the  tissues,  314 
Metastasis,  64 

direct,  65 

formation  of,  in  carcinomata,  457 

hematogenous,  64 

in  tuberculosis,  632 

lymphogenous,  64 

of  dust,  65 

of  parasites,  69 

of  parenchymatous  cells,  67 

of  pigment,  69.  70,  242,  245   * 

of  placental  cells,  67 

of  soluble  substances,  69 

paradoxical,  65 

retrograde,  65 
Metastatic  daughter-tumors,  68,  380 

infectious  foci,  69 

inflammations,  64 
MethsBmoglobin,  246 

the  formation  of,  26 
Methsemoglobinuria,  246 
Methyl  guanidin,  33 
Metrorrhagia,  158 
Miasm,  definition  of,  30 
Miasmatic-contagious    disease,    definition 

of,  30 
Miasms  and  contagions,  boundary-line  be- 
tween, 31 
Micrencephalon,  50,  182 
Micrencephalus,  182,  514 
Microbacteria,  549 
^licrobrachius,  525 
Microcephalus,  182,  514 
Micrococci,  549,  563 
Micrococcus  ascoformans,  585 

aurantiacus,  564 

botryogenes,  585 

cyaneus,  564 

gonorrhoeae,  582 

hsematodes,  564 

in  meningitis,  577 

in  mycofmroma,  585 

in  mycosis  of  parrots,  585 

in  pseudotuberculosis  of  guinea-pigs, 
585 

luteus,  564 
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Micrococcus  of  foot-and-mouth    disease, 
585 

of  hsemo^lobinuria  of  cattle,  585 

of  lung-disease  of  horses,  585 

of  strangles,  585 

pathogenic,  564,  565 

pyogenes,  578,  584 

tetragenus,  564 

tetragenus  of  udder-disease,  585 

ureffi,  564 

violaceus,  564 

viscosus,  564 

xantogenicus,  614 
Microgamete,  705,  710 
Microgametocyte,  704,  710 
Microgyria,  182 
Micromelus,  525 
Micromyelia,  50 
Microproteins,  34 
Micropus,  525 
Microsomia,  506 
Microsporon  furfur,  686 

minutissimum,  686 
Microtomia,  518 
Miescher,  sacs  of,  703 
Miliary  tubercles,  618,  625,  633 

tuberculosis,  hsematogenous,  633 
Milk  from  tuberculous  cows,  638 
Mineral  poisons,  19 
Miracidium,  716 
Missed  labor,  507 
Mites,  748,  751 
Mitosis,  280 
Mole,  405 

fleshy,  406 

hairy,  405 

hydatid,  465 

pigmented,  230,  405 
Moller's  or  Barlow's  disease,  1(30 
Molluscum  bodies,  703 
Monilia  Candida,  681 
Monobrachius,  525 
Monocercomonas  hominis,  692 
Monogerminal  tissue-implantation,  496 
Monomorphous  bacteria,  538 
Monopus,  525 
Monsters,  498 

double,  504,  539 

single,  506 

triple.  540 
Morbus  Addisonii,  87,  231 

maculosus  Werlhofii,  160 
Morgagni,  hydatid  of,  538 
Morphine,  poisoning  by,  28 
Morphcra  nigra  et  alba,  653 
Mospiitos,  aprency  of.  in  spreading  certain 

diseases,  44.  712.  753 
Mother-star,  280,  282 
Mould-fungi,  40,  678 
Moulds.  077,  685 
Mouth,  development  of,  519 

malformations  of,  518 
Mucins,  the,  208 
Mucor  corymbifer,  680,  G82 

pusillus,  ()82 

ramosus,  682 

rhizopodifonnis,  682 


Mucous  degeneration.  207 

membranes,  carcinoma  of,  401 
membranes,    papillarj*   epitheliomata 

of,  441 
tissue,  reproduction  of,  295 

MuUer'sduct,  538 

Multiple  fibromata  of  the  skin,  r>3.  417 

Mummification,  178 

Musca  anthropophaga,  754 
vomitoria,  754 

Muscardine  in  silkworms,  687 

Muscarin,  poisoning  by,  29 

Muscidae,  754 

Muscle,  atrophy  of,  187 

heart,  hypertrophy  of.  267 
heart,  new-formation  of,  302 
in  dermoid  cysts,  491 
non-striated,  hypertrophy  of,  302 
non-striated,  new-formation  of,  302 
striated,  hypertrophy  of,  302 
striated,  new-formation  of,  300 
waxy  degeneration  of,  1 75 

Muscle-trichina,  744 

Muscles,  cadaveric  stiffening  of.  169 
supernumerary,  534 

Muscular  system,  pathological  changes  in 
the,  50 

Mussel  poisoning,  20 

MyceHum,  678 

Mycetoma,  665 

Mycobacterium  tuberculosis.  621 

Mycoderma  albicans.  681 

Mycodermoid,  585 

Mycofibroma,  585 

Mycoprotein,  550 

Mycosis  of  alimentary  tract,  679 
of  respiratory  tract.  ()79.  680 
of  skin,  685 
versicolor,  686 

Mycosozin,  104 

Myelannia,  298 

Myelocele,  510 

Myelocystocele,  509 

Myelocystomeningocele,  5 1 0 

Myelocysts,  487 

Myeloma,  422 

Myelomeningocele,  509 

Myiasis,  754 

Myofibroma,  411 

Myoma,  409 

la^vocellulare,  409 
striocellulare,  41 1 

Myosarcoma,  412 

Myositis  ossificans,  50,  397 

Myxoangiosarcoma,  437 

MyxGpdema,  83 

Myxofibroma.  387 

Myxohpoma,  387 

Myxoma,  387 

Myxosarcoma,  387,  424 

N.KVIT.S    FLAMMEIIS,  399 

lymphaticus,  405  . 
pigment  osus,  405 
pilosus,  405 
prominens,  400.  405 
spilus,  405 
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Nu'vus  vasculosus,  :i99.  40() 

vornicosus.  400,  40,') 

vinasus,  lilM) 
Xanana,  697 
Xanosomia,  5(M) 

Xasal   iinicous   ineinbrano.    lymphosarco- 
ma »)f.  421 
Xavel  stone,  2.34 
Xecator  americaims,  738 
Xeck,  malformations  of,  517 
XecTohiosis,  172,  175 
X  xerosis,  170 

ana»mi('.  172 

c'liecsy,  17.1 

coagulation,  174 

coUiuuation.  176 

«lccubital,  173,  179 

direct,  172 

indirect,  172 

liquefaction,  176 

marasmic,  173 

mummifying,  178 

neuropathic,  173,  179 

secjuela*  of,  173 

senile,  179 

thermal,  171.  179 
Xejrri  bcnlies,  705 
Xemathelminthes,  734 
Xematcxla,  42,  734 
XematcKlium  ovis  pulmonalis,  740 
Neoplasm.  371 

Xerve-  and  heart-poisons,  27 
Nerve  elements,  new-formation  of,  .303 
Nerve-fibres,    |M»ripheral,    new    fonnation 
of,  304,  307 

peripheral,   pathological   changes  in, 
51 
Nerves,  fibromata  of,  417 

fibromatcxsis  of,  51,  417 

leprosy  of,  652 

H'genenition  of.  .305 
Nervous     system,     central,     pathological 

changes  in  the,  ,>0 
Neunisthenia,  18 
Neuridin,  .33.  38,  ,557 
Neurin,  33,  .38,  .).)7 
NeunK'nitheUoma,  415 
Neurofinioma,  417 
Neuroglia,  hypertrophic  growth  of,  304 

regenerative  growth  of,  304 
Neuroglioma  ganglionar(>,  414 
Neuroma.  416 

amputation,  30().  416 

amyehnicum,  418 

cirsoid,  417 

gangli(m  cellulart*  verum,  418 

myelinicum,  417 

plexiforme.  417 

verum,  418 
Neuropathic  atrophy,  189 

gangn*ne.  179 

necrosis.  173 
Neurosc's.  traumatic;  17 
Neurotizi4tion,  .306 
Nicotine,  poisoning  by.  2^) 
Nitrate-of-silver  poisoning,  23 
Nitrobacteria.  .V)7 


Nitrogenous  nourishment,  importance  of,  5 
Nitrous  oxide,  poisoning  by,  28 
Nodes,  gouty,  232 
Normal  serum,  1 15 
Nuclear  contents,  280 

framework.  278,  280 
Nuclear  divisitm,  asymmetrical,  282 

atypical,  282 

direct,  276,  280 

indirect,  28.3 

pi  uri polar,  282 

segments,  280 

spindle.  281 
Nucleinic  acid.  105 
Nucleus,  composition  of  the,  280 
Nutrition,  retrograde  disturbances  of,  167 
Nyktotherus  faba,  715 

Obesity.  49,  194 

diabetogenous,  80 
Obligate  anaerobes,  ,'551 
Obturating  thrombus,  145 
Ochronosis  of  cartilage,  241 
Odontoma.  394 
(Edema  and  dropsy,  151 

cachectic,  155 

collateral,  155 

due  to  arterial  congestion,  154 

due  to  obstniction  of  thoracic  duct, 
l,i4 

ex  vacuo,  156 

hydra?mic,  1,55 

inflammatory,  155,  ,331 

malignant,  604 

purulent,  341 

stajpation.  154 

varieties  of,  1,54 
(Esophagus,  growth  of  thrush  upon  the, 

679 
(Estridff,  7.5.3 
(Estnis  bo  vis,  754 

ovis,  754 
Oidium  albicans,  681 

coccidioides,  682 
Oidiomycosis,  4 1 ,  682 
Olein,  203 

Oligomorphous  bacteria,  .549 
Omentum,  tuberculosis  of,  618 
Omphalocele,  .520 
Omphalomesenteric  cyst,  .522 

duct,  .521 
Omphalopagus,  547 
Oncosphaera,  733 
Onychogrjrphosis.  264 
Onychomycosis  favosa.  685 

trichophytina.  686 
()<k»yst,  701.  704,  710 
Ookinete,  710 
Oftphorin,  89 

Opnryoscolex  caudatus,  715 
Opium  and  morphine,  poisoning  by.  28 
Opsonic  index,  IWi 
Opsonins,  105 

Organization  of  thnmibi,  148 
Organs,  weight  of,  26() 

volume  of,  266 
Ossification,  229 
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Osteoarthropathie  hypertrophiante,  270 
Osteoblasts,  292 
Osteochondroma,  393,  396 
Osteofibroma,  396 
Osteoid  sarcoma,  436 

of  ethmoid,  435 

trabecule,  437 
Osteoma,  394 

dental,  394 

disconnected,  394 

durum  seu  eburneum,  394 

heteroplastic,  394 

medullare,  394 

parosteal,  394 

spongiosum,  394 
Osteomyditis,  569 
Osteophyte,  394 
Osteoporosis,  185, 
Osteosarcoma,  436 
Ovary,  adenocystoma  of,  451 

cystoma  of,  451 

dermoid  cysts  of,  490 

multilocular  adenocystoma  of,  449 

papillary  cystadenoma  of,  451,  453 

papillary  cystocarcinoma  of,  479 

papillary  epithelioma,  440,  442 

teratomata  of,  492 

transplantation  of,  312 
Over-exertion,  7 
Over-heating,  8 

Overwork,  hypertrophy  from,  7,  260 
Oxidation,  intra-orgamc,  93,  95 
Oxygen,  effect*  of  a  diminution  in  the 
supply  of,  4 

influence    of,    upon    development  of 
bacteria,  551 
Oxyuris  vermicularis,  736 

Pachyakria,  270 

Packet-sha|x?tl  cocci,  549,  563 

Paget 's  disease,  705 

Palate,  malformations  of,  517 

Palmitin,  203 

Pancreas,  cyst  of  the,  259 

dial)etes  after  extirpation  of,  80 
Papillary  adenomata,  446 

conversion  of,  into  a  carcinoma,  464 

cystoniata,  448 

epitheliomata,  440 
Papilloma,  385 
Panicholia,  /^52 

nervous,  252 
Paradoxical  embolism,  65 
Parakeratosis,  208 
Paraiysins,  10<) 
Parauupcium  coli,  715 
Para  mucin,  208 
Para|)e(Iesis,  252 

Parasite  (in  the  case  of  twins),  545 
Parasites.  30.  31 

animal,  689 

ectoj^enous.  31 

endogenous,  31 

formation  of  cysts  by,  260 

metastasis  of,  69 
Parasitic  disc^ases.  30 

infection,  30,  31 


Parasitic  arthropoda,  43 

protozoa,  42 

worms,  42 
Parasitism,  origin  of  disease  through,  30. 

33 
Paratyphoid  bacteria,  597 

fever,  597,  600 
Parenchymatous  cells,  embolism  of,  68 

dezeneration,  190 

inflammation,  329 
Parietal  thrombus,  145 
Parosteal  osteomata,  394 
Parotid  gland,  angiosarcoma  of,  431 

chondrofibroma  of,  431 

chondromyxosarcoma  of,  392 

myxoangiosarcoma  of,  437 
Parrots,  mycosis  of,  585 
Pathogenesis,  1 
PsCthology  and  pathological  anatomy,  the. 

chemical,  2 

clinical,  2 

general,  definition  of,  2 

physiological,  1 

rroblems  of,  1 
disease,  615,  637 

tumors,  442 
Pearls,  epithelial,  213,  442,  470 
Pediculus  capitis,  752 

pubis,  752 

vestimentorum,  752 
Pella^,  19,  41 
Penicillium  glaucum,  41 
Penis,  duplication  of,  534 

stunting  of,  523 
Pentastoma,  43.  748 

denticulatum,  751 

tsenioides,  751 
Peptotoxin,  557 
Peribronchitis,  339 
Peripheral    nerves,    pathological    chan<:i>:; 

in,  51 
Perithecia,  683 
Perithelioma,  431 

Peritoneum,  cystic  lymphangioma  of,  40.') 
Peritrichous  flagclla,  60^5 
Perlsucht,  615,  637 
Pernicious  malaria,  701) 
Perniones,  9 
Perobracliius,  525 
Perochirus,  528 
Perodactylism.  528 
Peromelus.  525 
Peropus,  525,  528 
Perturbatio  critica,  92 
Pes  calcaneus,  530 

cquinovarus,  529 

valgus,  530 
Pest,  612 

bacillus,  612 
Pestilence,  definition  of,  32 
Petechia\  158 
Petrifaction,  226,  507 

in  carcinomata,  476 
Petrifving  sarcoma,  437 
Phagocvtcs,  98.  101.  346,  352 
Phagocytosis.  97,  101,  346,  347 
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Phallin,  poisoning  by,  26 
Phimosis,  hypertrophic,  524 
PhleboUths,  147,  234 
Phlegmon,  341 

wooden,  573 
Phloridzin  diabetes,  81 
Phocomelus,  525 
Phosphorescent  phenomena,  558 
Phosphorus  poisoning,  23 
Phthirius  inguinalis,  752 
Physalides,  475 
Physiology,  pathological,  1 
Pia  mater,  cnolesteatomata  of  the,  443 
Picric  acid,  poisoning  by,  26 
Pigeon-diphtheria,  669 
Pigment,  autochthonous,  238 

extrinsic,  255 

hsematogenous,  242 

metastasis  of,  69 

pathological  absence  of,  257 

pathological  formation  of,  238 
Pigment-atrophy,  185 
Pigment-carrying  cells,  244,  245 
Pigmented  mole,  239,  405 

warts,  239,  405 
Pin  worm,  736 
Piroplasma  bigeminum,  712 
Pirquet's  reaction,  622 
Pithead  tapeworm,  732 
Pityriasis,  686 

versicolor,  4 1 ,  686 
Placental  cells,  embolism  of,  67 

infections,  intra-uterine,  61,  552 

transmission  of  disease,  61 

villi,    carcinomatous   transformation, 
465 
Plague,  bubonic,  612 
Plasma-cells,  298,  354 
Plasmodiophora  brassicse,  458 
Plasmodium  immaculatum,  708 

malarisB,  707 

prsecox,  708,709 

vivax,  708,  709 
Plasmolysis,  136,  171 
Plasmorrhexis,  136,  171 
Plasmoschisis,  136,  171 
Plate-cultures,  561 
Platyhelminthes,  716 
Plerocercoid,  733 
Plethora,  127 

Pleura,  endothelioma  of,  427 
Pleuritis,  fibrinous,  335 
Pleuropneumonia,   contagious,   of   cattle, 
585,  670 

immunization  against,  113 
Plexiform  neuroma,  417 
Plimmer's  bodies,  458 
Plugs,  epithelial,  in  cancer  of  the  skin,  460 
Pluripolar  tlivision,  282 
PneumcKJoccus,  575 
Pneumonia,  croupous,  337,  575,  606 

infectious,  of  cattle,  685 

of  horses,  585 
Pneumotoxin.  577 
Pointe  1  condylomata,  367,  442 
Poisoning,  definition  of,  19 
Poisons,  animal,  22 


Poisons,  bacterial,  33,  39 

caustic,  22 

classification  of,  22 

different  sources  of,  19 

excretion  of,  98 

neutralization  of,  98 

protection  against,  98 

vegetable,  22 

volatile,  23 
Poison-theory  of  immunity,  112 
Polar  field,  280 

corpuscles,  90,  278 
Poliosis,  257 
Pollen-diseases,  46 
Polyblasts,  299,  352 
Polydactylism,  532 
Polymastia,  534 
Polymelos,  545 
Polymitus,  710 

Polymorphism  of  cancer-cells,  457 
Polymorphous  bacteria,  550,  588 
Polypi,  hairy,  495 

valvular,  145 
Polythelia,  534 
Polyuria,  53,  79,  80 
Porokeratosis,  213 
Post-mort«m  hypostasis,  131,  169 
Potassium-chlorate  poisoning,  25,  26 
Potassium-cyanide  poisoning,  25 
Precipitin-reaction,  121 
Precipitins,  109,  120 
Predisposition,  acquired,  44 

congenital,  44 

due  to  age,  47 

due  to  race,  48 

due  to  sex,  48 

local,  45 

natural,  47 

special,  46 

temporary,  45 
Prepuce,  absence  of,  524 

hypertrophy  of,  524 

shortness  oi,  524 
Pressure  atrophy,  188 

continuous,  effects  of,  16,  188 
Proglottides,  721 
Proliferation,  causes  of,  277 

inflammatory,  350 

phenomena  ot,  323,  347 
Prosoposchisis,  517 
Prosopothoracopagus,  544 
Prostatic  calcuh,  211 

concretions,  21 1 
Protective  mechanisms,  natural,  97 
Proteins,  bacterial,  33,  39,  557 
Proteosoma,  712 
Proteus  vulgaris.  587 
Prothrombin,  137,  142 
Protophyte,  549 
Protoplasm,  282 
Prototoxin,  610 
Protozoa,  parasitic,  42,  44,  689 
Psammomata,  437 
Pseudalius  capillaris,  639 

ovis  pulmonalis,  740 
Pseudodiphtheria  bacilli,  610 
Pseudohermaphrodismus,  535 
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PscuiloiiK'lanosis,  245 
Pscudomucin.  208 
Pseudotulx^rculosis.  (5,38 

aspergillina.  038,  683 

cladotrichica,  G:iH,  065 

due  to  animal  parasites,  638 

due  to  bacteria,  f).38 

due  to  foreign  bcniies,  (W8 

due  to  hyphomyec^t<»8,  6.38,  687 

vcmiian.  G3\i 
Psorosjiennose  foUiculaire  v(?g^'tante.  705 
P8ych()ncun)sis,  17 
Ptomams,  19.  38.  557 

toxic.  38.  557 
Pubi^rty,  i)recocioi:s,  266 
Piiiegon,  poisoning  by,  23 
Pulex  irritans.  7, "hi 

penetnins.  or  sand  flea,  75.3 
Pulmonarj'  circulation,  increase  of  resist- 
ance in.  129 
Pulse*,  acceleration  of.  127 

venous.  126 
Purifomi  softening,  147 
Purpura.  1.59 

hemorrhagica,  160 

rheumatica,  160 

simplex,  160 
Pus,  .339,  36:^ 

inspissated,  calcification  of,  .364 
Pus-cocci,  579 
Pus-cor|)Uscle8,  339 
Pustule,  340 
Putrefaction,  33.  38,  5.57 

alkaloids,  33.  38,  557 

zymoids,  38 
Putrescin,  33.  3S,  ,557 
Putri<l  gangrene,  17S 
IVemia.  37.  .572.  580 
Pyeloncpliritis  of  cattle,  669 
Pygopagus.  541 
Pykno.sis,  171 
Pyocyanin.  ()()2 
Pyo.'^'ptlueinia.  572 
Pv().scptica'niia,  37.  572.  5S() 

(^UiMNK.  poisoning  by.  2i> 

H  vHiKs.  cause,  705 

protective  inoeiilaticns  against,  1 14 
Kac<'.  predisposition  of,  -l<s 
Racliieele.  5(M> 
Racliipamis.  544 
Uaeliiseliisis.  partial,  508 

total.  508 
Radioactivity,  efTeets  of,  1 1 
Radium.  12 

Ra^-sorters'  disea.^e.  592 
Rainev's  bodies,  703 
Ray-figures.  281 
Ray-fungus.  659 
Rays.  Hecquerel.  1 1 

it'd  and  yellow.  .s<'nsitization  to.  11 

ultraviolet.  10 

violet.  10 
Reeeptaculuin  seolicis.  724 
Receptors.  1  IS 
Rectum,  cancer  of.  4f>l) 


Recurrent  fever,  92,  675,  693 

Redijp,  or  8t»condary  gtTm-sacs.  716,  717 

Reduplications.  532,  534 

Refrigeration.  9 

Regeneration,  272,  285 

causes.  273 

of  degenerated  tissue.  347 

partial,  274 
Regenerative  capacity  of  tissues.  276 
Relapsing  fever,  92,  675,  693 
Reimttent  fever.  92 
Repair  by  first  and  by  second  int<'ntion. 

3.57 
Respiratory   apparatus,    aspergillus    my- 
coses of.  682 
Restitutio  ad  integrimi,  274 
Retention  cyst.  2.58 
Retina,  glioma  of,  415 
Retrograde  changes,  167 
Reversion,  5Ii2 
Rhabditis  stercoralis,  742 
Rhabdomyoma.  411 
Rhabdomyosarcoma,  412 
Rhexis,  1.59 

Rliinoscleroma,  606,  657 
Rhizopoda,  689 
Ribs,  sui)emumerary.  .55.  534 
Rice-water inte8tinaldischargt»s  in  cholera. 

671 
Ricin,  26 

immunity  to,  115 

poisoning  by,  26 
Rider's  bone,  397 
Rigor  mortis,  169 
Rindcrj)est,  immunization.  114 
Ringworm,  686 
Ros<M)la  syphilitica.  643 
Round-cell  sarcoma.  421.  424 
Roundworms.  734 
Rudimentary  twin.  4!)2,  545 
Russel's  Ixnlies,  224 

SaCC  HAHOMVCl  S    KLLII'.SOIDKI'S.  678 

lithogenes,  682 

neoformans.  682 
Saccharomycetes,  ()78.  682 

dis<»ase-producing,  678 
Sacs  of  Mie.scher.  703 
Sago-spleen.  214 
Salts,  caustic.  22 
Sand  flea,  or  pulex  penetrans,  753 

tumors.  437 
Santonin,  poisoning  by.  29 
Sa[)rophytes,  35,  .)87 
Saprophytic  bacilli.  587 

cocci,  5()4 
Sarcina  lutea.  .564 

ventriculi.  .564 
Sarcina\  549,  550,  .564 
Sarcocareinoma.  477 
Sarcoeysts,  704 
Sarcoma.  419 

adeno-,  476 

angio,  429 

alveolar.  425,  427 

cysto-,  492 

eiiolog>'  of,  420 


GENERAL    INDEX. 


//  / 


Sarcoma,  fibro-,  420,  423 

piant-ccll,  423 

Im'iiiangio-,  425.  429 

large  round-celled,  422 

lyrnphatlenoides,  421 

lymphangio-,  425 

lympho-,  421 

medullary.  420 

melano-.  433 

myo-.  424 

myxo-,  424 

organoid,  425 

ostoo-,  416 

osteoid.  436 

j)etrifying,  437 

phyilodes,  4r>i 

plexiforme.  427,  431 

polymorphous-celled,  418,  422,  423 

rliabdomyo-,  412 

simple.  421 

small  round-celled,  421 

spindle-celled,  423 

telangiectatic,  420 

tubular,  427 
Sa^comatosis  cutis,  424 
Sarcopha^a  magnifica,  754 
Sarcophilia  wohlfarti,  754 
Sarcoplasm.  302 
Sarcopsylla  jx?netrans,  753 
Sarcoptes  hominis,  748 

minor,  751 

scjuamiferus,  751 
Sarcosporidia,  703 
8ausjige-poisoning,  19,  35,  587,  600 
Scabic^s,  749 
Seal  1-head,  685 
Scall,  685 
Scarlet  fever,  705 
Scar-tissue,  274,  357,  363 
Schistoprosopia,  517 
Schizogony,  701,  713 
Schizomycetes,  549 
Schizont,  704,  713 
Scirrhus,  473 

Sclera,  regeneration  of,  307 
Scleroma  respiratorium,  657 
Sclerosis,  222 

initial,  642 

of  nerve-tissue,  304 
Scolex,  721 
Scrofula,  6.36 

Scrotum,  malformations  of,  524 
Scurvy,  160 
Scutula  of  favus,  685 
Sea-sickness.  18 

Sebaceous  glands  in  dermoid  cysts,  490 
Secale  cornutum,  23 
Second  intention.  r(»pair  by,  352 
Secondary  infection,  38,  539,  6Ji5 
SecH'tion,  internal,  79 
Segmentation,  direct,  280 

indirect.  280 
Segmented  skein,  281 
Semilunar   ganglia,    pathological   changes 

m.  87 
Si'psin.  38.  557 
Sepsis.  37 


Septicaemia,  37,  572,  580 

haemorrliagic,  668 
Septicopyapmia,  37,  572,  580 
Sequestration  of  necrosed  tissue,  173,347, 

3a5 
Serpiginous  ulcers,  368 
Serum,  healing,  1 12 

protective,  1 12 
Sex,  predisposition  of.  48 
Sexual  glands,  teratoid  tumors  of.  90 

removal  of,  88 
Sexual  organs,  internal,  development  of. 

Shock,  erethistic  and  torpid,  17 

Shotty  eruption,  705 

Side-chains,  118 

Sideroferous  cells,  245 

Siderosis,  hsematogenous,  247 

Silver,  deposit  of,  23,  69,  249 

Simple  softening,  147 

Sirenomelia,  517 

Situs  inversus,  530 

Skein-like  structure  of  the  nucleus,  280 

Skeleton,    pathological    changes    in    the, 

50 
Skin,  absence  of  pigment  of,  257 

cancer  of,  460 

emphysema  of,  70 

healing  of  wounds  of,  357 

leprous  nodule  of  the,  650 

lupus  of  the,  626 

melanotic  alveolar  sarcoma  of,  433 

multiple  fibromata  of  the,  53 

papillary  epithelioma  of,  44 1 

pathological  alterations  of,  52 

pigmentation  of,  87,  238 
Skin-transplantation,  310 
Skull-cap,  angioma  cavemosum  of,  402 
Sleeping  sickness.  697 
Smallpox,  pustule,  339 

parasites  of,  705,  707 
Smear  cultures,  561 
Smegma  bacillus.  621 
Snake  venom,  20,  23 

immunization,  115 
Soft  chancre,  614 
Special  sense,  organs  of.  new-formation  of 

the  tissues  of,  307 
Specificity  of  the  tissues,  273 
Spermin,  89 
Spennolysin,  120 
Sphacelinic  acid,  23 
Sphacelus,  179 
Spharobact^ria,  549 
Spheres,  fatty  granule,  197 
Spider  cells,  304 
Spina  bifida,  508 

anterior.  509 

cystica,  509 

lumbosacralis,  510 

occulta,  509 

posterior,  509 
Spinal  column,  pressure  atrophy  of  the, 
189 

cord,  development  of.  5 1 1 
Spindle-celled  sarcoma.  423 
Spindle,  nuclear,  281,  282 
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Spirilla,   or  Kpirillaceap,   or  spirobacteria, 

549,  670 
Spirillum  aniyloferum,  553 

cholerse  asiaticsp,  071 

deneke,  674 

of  Finkler  and  Prior,  674 

riibrum,  670 

rugula,  610 

serpens,  670 

spiitigenum,  675 

tenue,  670 

tyrogenum,  675 

undula,  670 

vol u tans,  670 
Spirobacteria,  670 
Spirochete.  549.  670,  694 

buccalis.  670 

carteri,  694 

denticola,  670 

duttoni,  694 

gallinarum,  693 

koclii.  694 

novi,  694 

obermeieri,  693 

pallida,  641 

plicatilis,  670 

varieties  of,  670 

ziemanni,  694 
Spironema  pallidum,  641 
Spleen,  amyloid  degeneration  of,  214 

changes  in,  in  relapsing  fever,  693 

tissue,  reproduction  of,  295 
Splenomegaly,  infantile,  699 

tropical,  697 
Sporan^a,  680, 
Spore-formation,  5.)1,  586 
Spores.  34,  5.31,  703 
Sporoblasts,  701,  710,  713 
Sporocyst.  701,  704.  716 
Sporogenous  granules,  553 
Sporogony.  701,  704 
Sporozoa.  42,  701 

Sporozoites.  701,  704.  705,  710,  713 
Stab-cultures,  .501 
Stadium  amphibolos,  92 

(lecremcnti,  92 

incrementi,  91 
Staggers,  cause  of  the,  720 
Staphylococci,  549,  5().3.  'uH 
Staphylococcus  pyogenes  albus,  581 

pyogenes  aureus,  578 

pyogenes  citreus,  ,381 
Stars,*^2Hl 
Starvation,  5 
Stasis  of  the  blood.  1.30 
Stearin.  203 

Stcgouiyia  fasciata,  44,  090 
Sterilized  cultures,  injection  of,  112 
Steniopagus.  543 
Stigmatization.  101 
Stomach,  carcinoma  of.  474 
Stomoxyidip.  753 
Stomoxys  ca  lei  trans.  097 
Stones  (concretions).  233 
Stone-futter's  lung.  307 
Straddling  emboli.  OH 
Strangles  of  horses,  .3S5 


Streptococci,  550,  563,  565 
Streptococcus  articulorum,  573 

brevis,  573 

erysipelatis,  573 

lanceolatus,  575 

longus,  573 

meningitidis,  577 

mucoeus,  573 

puerperalis,  573 

pyogenes,  565 

scarlatinosus,  573 
Streptothrix  madune,  665 
Strongylides,  737 
Strongylus  armatus,  740 

bronchialis,  740 

capillaris,  740 

commutatus,  740 

duodenalis,  737 

filaria,  740 

longevaginatus,  740 

micrurus.  740 

paradoxus,  740 

pusillus,  740 

rufescens,  740 

syngamus,  740 

tetracanthus,  740 

trachealis,  740 
Strychnine,  poisoning  by,  29 
Substance,  nbrinogenic,  137 

lysogenic,  109 

zymoplastic,  138 
Sucking-mite,  751 
Sucking-worms,  716 
Suffocation,  4 
Suffusion,  1,38 
Suggi  Hat  ions,  J, 38 
Sulphur-met ha?moglobin.  20 
Sunstroke.  S 

Supenuimerary  organs,  oo.  5,32 
Suppuration,  causes  of.  341 
Suprarenal  cachexia.  87 

capsules,  altered  functitm  of,  S7 
Suprarenin,  87 
Surra,  097 
Susceptibihty    to    infections    at    difiercnt 

ages,  47 
Sweat-glands  in  dermoid  cysts,  490 
Swine-erysipelas,  007 

immunization,  113 
Swine- plague,  008 
Swine-sept icffmia,  0()8 
Sycosis  parasitaria,  070 
Symbiotes  ecpii  of  (Jerlach,  751 
S>nnmetrical  gangrene,  179 
Synmiyelia,  520 
Symptomatic  anthrax,  000 

protective  inoculations  against.  1  lo 
Sympus.  520 
Syncei)halus.  542 
Syncoi)e,  17 
Syncytiolysin.  78 
Syncytiotoxin.  78 
Syncytium,  405 
Syndactylism.  528 
Syngamus  branchialis,  740 

trachealis,  740 
Synophthalmus.  515 
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Synotia,  518 
Syphilides,  643 
Syphilis,  641 

hereditary,  646 

transmission  to  foetus,  62,  648 
Syringomyelia,  50 
Syringomyelocele,  510 

Tabanid^,  753 

Tablet-formed  cocci,  549,  550,  563 

Tactile  irritability,  102 

Taenia  africana,  726 

ccenurus,  726 

cucumerina,  726 

echinococcus,  727 

denticiilata,  726 

diminuta,  726 

elliptica,  726 

expansa,  726 

flavapuncta,  726 

mamillana,  726 

marginata,  726 

mediocanellata,  725 

minima,  726 

nana,  726 

perfoliata,  726 

plicata,  726 

saginata,  725 

serrata,  726 

solium,  722 
Tail,  formation  of  a,  in  the  human  being, 

534 
Talipomanus,  530 

Tapeworms,  see  also  under  Tcenia,  721 
Taricliium  megaspermum,  687 
Tartar  of  the  teeth,  233 
Tattooing  of  the  skin,  255 
Teeth  in  dermoid  cysts,  490 

supernumerary,  534 
Telangiectasia,  398 

lymphatica,  404 
Temperature,  influence  of,  upon  develop- 
ment of  bacteria,  552 
Tcm  >eratures,  high,  of  the  body,  8 

low,  of  the  body,  9 
Tendinous  spot,  360 
Teratoid  cysts,  485,  495 

tumors,  485 
Teratoma,  autochthonous,  496 

bigerminal,  496,  545 

coccygeal,  495,  496,  545 

complex,  490,  495 

hcterochronous  and  heterotoix>us,  485 

monogerminal,  496 

of  sexual  glands,  490 

sacral,  485 

solid,  492 
Terminal  artery,  163 
Testicle,  atienocystoma  of,  492 

adenomyosarcoma  of,  495 

angiosarcoma  of,  430 

congenital  adenocystoma  of,  493 

dermoid  cysts  of,  494 

ectopia  of.  531 

retention  of,  in  the  abdominal  cavity, 

teratomata  of,  492 


Tetanotoxin,  603 
Tetanus,  602 

antitoxin,  112,  115,  603 
Tetanus-bacillus,  602 
Tetany,  thyreoprival,  82 
Tetracoccus,  563 
Texas  fever,  712 
Thallophytes,  677 

Thoracic  cavity,  faulty  closure  of,  521 
Thoracic  duct,  rupture  of,  166 
Thoracogastrosclusis,  520 
Thoracopagus,  543 

parasiticus,  547 
Thoracoschisis,  521 
Threadworms,  736 
Thrombin,  137,  142 
Thrombo-art^ritis  punilenta,  148 
Thrombogen,  138 
Thrombokinase,  138 
Thrombo-phlebitis  purulenta,  148 
Thrombosis,  136,  138,  144 

sequelae  of,  146 
Thrombus,  144 

agglutination,  141 

autochthonous,  145 

formation  of,  139 

globular,  145 

mduced,  145 

laminated,  139 

mixed,  139 

obturating,  145 

parietal,  145 

red,  138 

valvular,  145 

whit«,  139 
Thrush,  41,679 
Thymus,  disease  of,  89 
Thyreoprival  cachexia,  82 

tetany,  82 
Thyroid,  angiosarcoma  of,  430 

extirpation  of,  82 
Thyroiodme,  84 

Tibia,  tuberculous  disease  of,  630 
Ticks,  750 
Tinea  favosa,  685 
Tipulidae,  753 
Tissue-implantation,  bigerminal,  496 

monogerminal,  496 
Tissue-lesion,  320,  325 
Tissues,  restitution  of  the,  272 
Toes,  stunting  of.  528 
Tokelau,  687 

Toluylendiamin,  poisoning  by,  26 
Tongue,  actinomycosis  of  the,  660 
Tongue-worms,  748,  751 
Tophi,  gouty,  232 
Torula-chains,  563 
Toxalbumins,  18,  33,  39 
Toxenzymes,  19 
Toxic  substances,  19,  36 
Toxinaemia,  35 
Toxins,  33 

bacterial,  34 

intracellular,  33 
Toxoids.  39,  98 
Toxons,  39,  599 
Toxoees,  98 
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Transmissible  pathological  conditions  and 

tendencies,  55 
Transplantation,  309 
Transportation,  retrograde,  05 
Trauma,  effects  of,  16 
Traumatic  epithelial  cysts,  466 

neuroses,  17 
Trematoda,  42,  716 
Treponema  pallidum,  641,  695 
Trichina  spiralis,  743 
Trichocephalus  dispar,  743 
Tricholysin,  120 
Trichomonas  hominis,  689 

int^stinalis,  44,  692 

vaginalis,  692 
Trichomycetes,  550,  665 
Trichophyton  tonsurans,  685 
Trichophytx)8i8,  687 
Trichothecium  roseum,  680 
Trichuris  trichuria,  743 
Tritotoxin,  610 
Trombididff,  750 
Trophoblasts,  60 

Trophoneurotic  diseases  of  the  tissues.  74 
Tropical  sore.  699 
Trypanomonas,  695 
Trypanosoma  bruci,  44,  697 

equiperdum,  697 

equinum,  697 

evansi,  44,  697 

gambiense,  44,  699 

lewisi,  695 

noctuffi,  698 

theileri.  697 
Trypanosomiasis,  698 
Tsetse  disease,  677 
Tube-cocci,  549,  56:^ 
Tubercle.  617 

solitary,  627 
Tubercles,  miliary,  625 
TubercuUn,  114,  622 
Tuberculomyces,  621 
Tuberculosis,  615 

avian.  61^7 

bacillus,  615 

bovine,  637 

hiematogenous  miliary,  633 

infection  with,  616 
Tumors,  371 

adenocarcinoma,  461 

adenocystoma,  448 

adenoma.  444 

adenosarcoma,  47() 

angiosarcoma.  425 

benign  and  malignant,  38.3 

cachexia  accompanying.  384 

carcinoma,  455 

cavernous,  4(K) 

chloromata,  435 

chondromata.  391 

cliorduma.  393 

classification  of,  374 

congenital,  52 

connective-tissue,  372 

cure  of,  38;^ 

cylindroma.  438 

cystic.  44S 


Tumors,  cystocarcinoma,  478 

definition  of,  371 

dermoid  cysts,  485 

desmoid,  385 

different  varieties,  372,  385 

enchondroma,  391 

endothelioma,  425 

epithelial,  373,  375,  440 

etiology,  376 

fibroma,  385 

fibromyoma,  411 

fibrosarcoma,  423 

glioma,  413 

growth  of,  379 

by  expansion,  380 
by  inhhration,  380 

hsemangiomata,  398 

histoid,  372 

homoplastic,  374 

keloid,  387 

leiomyoma,  409 

Upoma,  389 

lymphangiomata,  398 

mahgnant,  384 

melanosarcomata,  433 

metastasis,  380,  384 

myofibroma,  411 

myoma,  409 

myxochondroma,  393 

myxofibroma,  387 

myxolipoma,  387,  389 

myxoma,  387 

myxosarcoma,  387.  424 

neuroepitheHoma.  415 

neurofibroma,  417 

neuroglioma  ganglionare.  414 

neuroma,  416 

organoid,  420 

osteochondroma,  393,  396 

osteofibroma,  396 

osteoid  sarcoma,  436 

osteoma,  394 

papilloma.  385,440 

psammoma,  437 

recurnmce  of,  .'^83,  484 

retrogressive  changes  in,  382 

rhabdomyoma.  411 

sarcocarcmoma,  477 

sarcoma,  419 

secretion  in.  375 

structure  of,  372,  374 

teratoid,  374,  48^5 
Twin-formations,  rudimentary',  496 
Twins,  5.39 

homologous,  540 
Tympanic  cavity,  cholesteatomata  in.  442 
Typhoid-carriers,  596 
Typhoid  fever,  bacillus  of,  594 

protective  inoculations  against,  1 14 

of  fowls,  669 

of  mice.  668 
Typhus  recurrens,  693 

Udder-inflammations,  585,  669 
ricer,  340 

chronic.  368 

indolent,  368 
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T'icer,  serpiginous,  368 
riceration;  carcinomatous,4'>8 

tuberculous,  630 
T'lcus  atonicuin.  368 

callosum,  368 

(?levatum  hypertrophicum,  368 

indolcns.  368 

moUe.  614 
T Umbilical  liemia,  520 
Uncinaria  americana,  737 

(luodenalis,  737 
Urarhus-cysts,  487 
Urspmia,  76 

Urates,  deposit  of.  in  gout,  77,  232 
Urethra,  abnormal  narrowness  of,  524 

absence  of,  524 

atresia  of,  524 
T'rethritis,  gonorrhoea!.  582 
Uric-acid  deposits,  231,  235,  237 

infarct,  235 
Urinary  calculi,  235,  237 
Urobilfn,  243 
Urobilinuria,  243 
Utenis,  adenocarcinoma  of,  470 

beginning  carcinoma  of  cerN-ix,  462 

myoma  of,  401) 
Uvula,  bifurcation  of,  517 

VACriNATION,   1 11 

Vaccines.  115 

Vaccinia,  705 

Vacuoles,  151.  171.  192,  327 

Valves,  lesions  of.  126 

Valvular  thrombus,  145 

Variation,  58 

Variola.  705 

Vascular  napvi.  399 

system,  pathological  changes  in  the, 
*50 

walls,  pathological  alterations  of,  320 
Vasculitis,  proHferating,  361 
V'asomotor  nerves,  irritation  or  paralysis 

of,  129 
Vein-stones,  234 
Venous  pulsation,  126 

pulstN  126 
Veratrinc,  poiscming  by,  29 
Venues,  716 
V<Truca  camea,  406 

senilis,  441 

vasculosa,  400 
V(»rtebnr,  sujMjmumerary,  5;M 
Vertebral  canal,  deficient  closure  of,  508 


Vesicles,  329,  .332 
Vibrio  cholera^,  671 

of  MetschnikotT,  675 

rugula,  670 

serpens.  670 
Vibrion  butyri(|ue.  588 

septique  of  Pasteur,  604 
Viscera,  abnonnal  positions  of,  530 

duplications  ot,  ;)32 
Viscous  metamorphosis,  140 
Visual  apparatus,  pathological  conditions 

of,  52 
Vitelline  duct,  cyst  of,  522 
Vitiligo,  257 
Volatile  poisons,  23 

Wandkhinc;  cells.  321 
Warts,  fleshy.  405 

ichthyotic.  264,  441 

senile,  441 

venereal.  269.  367 
Water,  effects  of  lack  of,  5.  6 
Weights  of  different  organs.  '2iM\ 
Weismann,  60 

Whij>-wonn,  743  *. 

White  jEjangrene,  178 
Wh<K)ping-cough,  bacillus  of.  ()0 
Widal-Ciruber  reaction.  109.  596 
Wolffian  body.  496,  r^iH 
Wolffian  duct.  5.38 
Wolf's  jaws,  517 
Wood-jack  or  wocxl-tick,  7M) 
Worm-disease  of  the  ox.  (M>9 
Worms,  42,  716  .     . 

parasitic,  42.  716 
Wound-diphtheritis.  344 
Woimd-granulations,  347 
Wound-infection,  45 
Wounds,  effects  of,  16 

healing    ^  356 

Xanthin  CALcrLi.  237 
Xiphopagus,  543 

Ykast-fungi,  677 
Yellow-fever,  614,  699 

Zl)NA    DERMATICA.  501> 

epithelo-serosa,  509 
Zooglcea,  550 
Zymase,  39 

Zymoid.  putrefactive.  38 
Zymoplastic  substanc<»,  13S.  142 
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